MONOLITHIC VIDEO 
D/A CONVERTERS 


8,9, 10 BIT, 20 MSPS 


Models: PRELIMINARY INFORMATION 


CIOI6J-9 
TDCIOI6J-10 


The TRW TDC1016J-8/9/10 bit D/A converters 
are capable of converting a digital signal into an ana- 
log voltage at the rate of 20 megasamples per second 
(MSPS). No external input register, deglitching, or 
resampling is needed. No operational amplifier or 
buffer is required at the analog output. 


Y3ANOD V/d OZGIA DIHLIIONOW MY L* 


All parts have 10 bits of active digital input. 
Three accuracy grades are offered: 8, 9, 10 bits. 
Simply grounding the Vcc terminal causes the inputs 
to become ECL compatible. 


i 


The TDC1016J is patented (U.S. Patent No. 
3283170) with other patents pending. 
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FEATURES 


e 8,9, and 10 bit accuracy 
e 20 MSPS 
e Voltage output 


e ECL or TTL inputs (only -5.0V supply required 
for ECL mode) 


e Single ended or differential ECL inputs 
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e All data registered on chip 
No deglitching circuit required 


© 
‘ aye Vcc 
e Output disable capability eB: 
e Differential phase: 0.5° ECL=OV 
; a MASTER-SLAVE 
e Differential gain: 1.0% AGnp REGISTER 
e Binary or two's complement input 
e@ Zero and full scale control for easy calibration y 
EE 
e Data inversion control 
e Monolithic, bipolar 
OGND 


e 40 pinceramic DIP - 
CURRENT 


e 0.6 W power dissipation SWITCHES 


APPLICATIONS 


e@ Video data conversion 


3X or 4X NTSC color 
3X or 4X PAL color 


e Color/B&W graphics ANALOG VOLTAGE 
e CRT displays : "Differential! ECL mode only 


e Waveform/test signal generation , 7 
aoe ral am => 
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*Differential ECL mode only * 752 requires outside trim 


Figure 1. Timing Diagram Figure 2.'Analog Output Equivalent Circuit, TTL & ECL Mode 
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Figure 3. Digital Input Equivalent Circuit, TTL Mode Figure 4. Digital Input Equivalent Circuit, ECL Mode 


Performance characteristics, over recommended operating temperature range 


TDC1016J-8 TDC1016J-9 TDC1016J-10 
PARAMETER TEST CONDITIONS 
ee ae 


0 to 20 MSPS conversion rate 
ZL > 10KN 
Dynamic range 
ZL = 752 
75 
Output impedance 


*752 requires outside trim 


0.39 
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LSI D/A CONVERTERS 


SPECIFICATIONS 

Absolute maximum ratings (beyond which the useful life may be impaired) 
Supply voltages: VGCl< cise  Sitais & ces SMe oS aul se SG ee Sao SG SIS. SACU SER Seelee cage Seis 4 0.510 +7.0V 
Se er ee ere ee ee ee ere +0.5 to -7.0 V 
[ApUtiVoliageGigitall 650.6, 6050 ong SS see ey, Se Sco wale ine Sold: o Sale SH le SMES 6 TE Bes AL aso -7.0t0 +7.0 V 
BMS OGQLOUNG 2.5. diss. s seni soy Si cer Sui Rater Rites -&, tencersenei fete Swe wpa) eehie fo BUSS Se Cuarales ie clea SUM alerh elel eleuausis = -1.0to +1.0V 
TOSCKENICE: sae. te ee Kiser sy ews SS sai ree Sp seas “a mene NG a we bw: om owe Reh aL Bese Ve Res Gu w Brmawenet Wen CU Scan al Meh ome Bre ace eS -7.0 to +7.0V 
Outputvoltage: ceisnenersne: eases: sighs Gus Gere Sears Gris Giese iN I Teel ere ine a ise -apclaviyen es yor cee e ei a, yeu dt euGie'er toy Beier seme a -2.0 to +2.0V 
Temperature, opersting ambientisce <x artes anere KS a aie Steen GOs ere UeaDe se Biers are % aeLe inie.(dieye Giaieieete sex loons & -55 to +150°C 
junction. ..... SER amie RS, eens dings WRTeS SDs elonareleeeei te wienteles SAR Gane soe ee wae Rees. ease iets Seisoee +175°C 
fead, soldering (10 seconds):...5 3 oes wees ods wee ae eee owe er ee ee Siabbtene io: aes +300°C 
SLORSGE Neos PINES, a OER Sake ete Carney: nf. ARES 2 AAS 2h ea Mca 5 eld -65 to +150°C 


Recommended operating conditions 


PARAMETER 


Vcc. Supply voltage 
Vee, Supply voltage 
VREF. Reference voltage 


TPw1. TPWO. Pulsewidth {see Figure 1) 


TS, Input register setup time 
TH, Input register hold time 
Ta. Operating ambient temperature range 


Compensation capacitor 
(between COMP and Vee) 


PARAMETER 


Power Supply 
lec Supply current Vcc = MAX, Veg = MAX 
lee Supply current Vcc = MAX, Veg = MAX 
Analog 
IREF Reference input Veg = MAX, Vrer =-1.0V 
current 
VoFs Full scale analog | Veg = NOM, Vrageg =-1.0V,R_ > 10K2 | -0.970 3 ~1.030 | -0.970 
output voltage 
Vozs Zero scale analog | Veg = NOM, VageF =-1.0V,R_ > 10K2 
output voltage 
Digital 
Vin High level input 
voltage 
VIL Low level input 
voltage 
WH High level input Vcc = MAX, Veg = MAX, Vp = 2.4 V 
current Vcc = OV, VEE = MAX, Vy = -0.81 V 
Nie Low level input Vcc = MAX, Veg = MAX, V; = 0.4 V 
current Vcc = OV, VEE = MAX, Vy = -1.85 V 


"Vcc. VEE. TA = TYP 
Switching characteristics over recommended operating temperature and supply ranges 


TTL/ECL 
Pan [aye [wax _| 


Fe Maximum conversion rate 
TDOFF Ladder turnoff delay RL = 752 
TDON _ Ladder turnon delay Ry = 752 


Tos Data turnon delay, Figure 1 RL = 752 
TseETg Transient settling time, Figure 1, 0.20% Ry = 752 
TSETS 0.10% 
TSET10 0.05% 
Output transient (glitch), energy RL = 752, midscale 
amplitude 
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LSI D/A CONVERTERS 


PACKAGE INFORMATION 
TDC1016J5-8/9/10 


PIN 1 
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THERMAL RESISTANCE DATA 


NOTES: DIMENSIONS IN INCHES. Junctionitorciss 9. = 25" C/W 


UNUSED PINS CAN BE LEFT OPEN. Case to ambient 9on (Still air) = 25° C/W 
Case to ambient 8 op (5 ft/sec airflow) = 15° C/W 


INPUT CODING 


INPUT 
FORCE HIGH | FORCE LOW | o fee] 
NFH NEL 2 a OUTPUT | FUNCTIONAL DESCRIPTION 


VET 0.0V Default controls 
0000000000 -1.0V 
Feoanwene| oo | ounadiane 


XXXKAXXKXK 0.0V Force high 
XXXXXXXXXX -1.0V Force tow 


11799971911 -1.0V Inverted 
0000000600 0.0V 
0141111111 0.0V Two's complement 
1000000000 |_ -1.0V 
0111171111 -1.0V 
1000000000 0.0V 


TWO’S COMPLEMENT 
N2C 


Two’s complement inverted 


x - Don’t care 


TR reserves the right to change products and specifications without notice. This 
information does not convey any license under patent rights of TRW Ine. or others. 
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TYPES TLO80 THRU TLO85, TLO8OA THRU T ; 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 12484, FEBRUARY 1977—REVISED OCTOBER 1979 


24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES 


e High Input Impedance ... JFET-Input 
Stage 


e Low Power Consumption 


@ Wide Common-Mode and Differential 


Voltage Ranges e Internal Frequency Compensation (Except 


TLO80, TLO80A) 
e Latch-Up-Free Operation 
e High Slew Rate... 13 V/us Typ 


e Low Input Bias and Offset Currents 
© Output Short-Circuit Protection 


description 
The TLO81 JFET-input operational amplifier family is designed to offer a wider selection than any previously 
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates well-matched, 
high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, low 
input bias and offset’ currents, and low offset voltage temperature coefficient. Offset adjustment and external 
compensation options are available within the TLO81 Family. 


Device types with an “MM” suffix are characterized for operation over the full military temperature range of —55°C to 
125°C, those with an “I” suffix are characterized for operation from —25°C to 85°C, and those with a ‘“C” suffix are 
characterized for operation from 0°C to 70°C. 

TLO82, TLO82A, TLO82B 


TLO80, TLOSOA 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


TLO81, TLO81A, TLO81B 
JG OR P DUAL-IN-LINE — 
PACKAGE (TOP VIEW) 


JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 
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TLO84, TLOS4A, TLO84B 

JOR N DUAL-IN-LINE 

OR W FLAT PACKAGE 
(Top VIEW) 


TLO8S 
N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


TLOS3, TLO83A 
JOR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


UVEAT. ONIN 
ING VERTING OUT. 


AMPLIFIER NO. 3 


AMPLIFIER NO. @ 


AMPLIFIER NO. 1 AMPLIFIER MO. 2 


We VERTING MULL 
weput (WUT RT 


PINS @ AND 13 ARE INTERNALLY INTERCONNECTED 
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TYPES TLO8O THRU TLO85, TLO80A THRU TL ' 
TLO81B, TLO82B, TLO84B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, VCC+ = +15 V 


Maximum peak-to-peak 


Vopp output voltage swing 


25 200 


Large-signai differential 
voltage amplification 


< 


AvD imv 


TLO8_c 
TLO8_M TLOS_i TLO8_AC 
PARAMETER TEST COND!TIONSt UNIT 
TLO8_BC 
MIN TYP MAX | MIN TYP MAX |MIN TYP MAX 
“0, 81,82,83,85i|. 3 6). —3 6] SCS SCS 
a ee ee ee 
pet hee ;——_|- —____/___# me 
es | ae) 3 
Temperature coefficient | 0 favre | 
uVvfC 
[Thos dC OO CS~“SSSOOS~C~SSSC 
TLOB_A ee es eee 
‘ 18,828,848 | ——S«+YSSsSCS~Ssé‘“—~SdYSCSCSSC* 
lo Input offset current TLOs_ ae.) ee | Sey 
Tq = full range [TLOB_A Ce 
318,828,608. | *+«;YStC<CSCédSCSC‘“C~;™;™~S~S~C~SS‘* 
TLOS_ [30200] 30-200 30 400 
Ta=25°C  [TLOB_A Td [30 200] 
5 818,828,048 | Sd 30 200 
lip Input bias current TOS. So [oe oe 
Ta=fullrange[TLOB-A «| SSCSY —aee 3s 
"218,628,608 | ——«d a! 
TLOs_t 
Vic Common-mode input Tas 25°C [TLOB_A ae (aaa | 
voltage range 818,826,848. | Sd rat st2 | 
7 24 a 2 
aa 


86 


86 


80 86 


75 
30 200 
7 
7 
2427 
2024 
p25 
7076 
80 86 
8086 
7076 
80 86 
14° 28 


\ Supply current No load, No signal, 
cc (per amplifier} Ta = 25°C 
[ VotiVo2 Channel separation [Ap = 100, Ta= 25°C a 


T AH characteristics are specified under open-loop conditions uniess otherwise noted. Full range for Ta is —55°C to 125°C for TLO8_M; 
—25°C to 85°C for TLOB_I; and O°C to 70°C for TLOB_C, TLO8_AC, snd TLO8_BC. 

£ Types TLO851 and TLOSSM are not defined by this data sheet. 5 

§ Input blas currents of a FET-input operational amplifier ara normal junction reverse currents, which are temperature sensitive as shown in 


|, 
eed 
| 20 24 | 
| 25 
ee: eee 
80 86 
80 86 


oo a N 


Figure 18. Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as is possible. 
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TYPE TIL311 jeg 
HEXADECIMAL DISPLAY WITH LOGIC me 


BULLETIN NO. DL-S 11653, MARCH 1972—REVISED MARCH 1976 


SOLID-STATE VISIBLE HEXADECIMAL DISPLAY WITH 
INTEGRAL TTL CIRCUIT TO ACCEPT, 
STORE, AND DISPLAY 4-BIT BINARY DATA 


© 7,62-mm (0.300-Inch) e Wide Viewing Angle 

Character Height © Internal TTL MSI Chip with Latch, Decoder, and Driver 
e High Brightness e Operates from 5-Volt Supply 
e  Left-and-Right-Hand Decimals ¢ ConstantCurrent Drive for Hexadecimal Characters 


e Separate LED and Logic Power » Easy System Interface 
Supplies May Be Used : 
mechanical data 


The display chips and TTL MSI chip are mounted ‘on a header and this assembly is then cast within a red, electrically 
nonconductive, transparent plastic compound. Multiple displays may be mounted on 11,43 mm (0.450 inch) centers. 


VOTO CTE: MAK 


3) 7TH 
wR 


2.4 © Det! MAR 


PIN 1 LED SUPPLY VOLTAGE 

PIN 2. LATCH DATA INPUT B 

PIN3 LATCH DATAINPUTA 

PIN4 LEFT DECIMAL POINT CATHODE 
PINS LATCH STROBE INPUT 

PING OMITTED 

PIN 7 COMMON GROUND 

PINS BLANKING INPUT 

PING OMITTED 

PIN 10 RIGHT DECIMAL POINT CATHODE 
PIN 31 OMITTED 

PIN 12 LATCH DATA INPUT D 

PIN 13 LATCH DATA INPUT C 

PIN 14 LOGIC SUPPLY VOLTAGE, Vcc 


NOTES: a All Jinear dimensions wa In millimeters and perentmatically in Inches 


tb. Leed dimensions are not convolied edove the yeating plane 


c. Centertines of cherectes segments end decimal polnts sre own of Cased finea Ansociaves 


dimensions are nominal, 
ing ls 2,54 mm (0.100 Inch) between centerlines, Each cemetiineh ‘ 
Pos) se isee = 3 


da, The truseposition pin spec 
on relstve to pins 1 anc 34. ate 


located whhin 0,26 mm (0.010 Inch} of hs we longitudinal positi 
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TYPE TIL311 
HEXADECIMAL DISPLAY WITH LOGIC 


escription 


This hexadecimal display contzins a four-bit laich, decoder, driver, and 4X7 light-emitting-diode (LED) character with 
{wo externally-driven decimal points in a 14-pin Package. A description of the functions of the inputs of this device 


follows. 
FUNCTION PIN NO. DESCRIPTION 
LATCH STROBE INPUT 5 When tow, the data in the latches follow the data on the latch data inputs. 
When high, the data in the latches will not change. If the display is blanked 
and then restored while the enable input is high, the Previous character 
will again be displayed. - 
BLANKING INPUT 8 When high, the display is blanked regardless of the levels of the other 


inputs. When low, a character is displayed as determined by the data in the 
latches. The blanking input may be pulsed for intensity modulation. 


LATCH DATA INPUTS 3, 2, 13, 12 Data on these inputs are entered into the latches when the enable input is 


(A, B, C, D) low. The binary weights of these inputs are A = 1, B = 2,C=4,D=8. 
DECIMAL POINT 4.10 These LEDs are not connected to the logic chip. Hf a decimal point is used, 
CATHODES an external resistor or other current-limiting mechanism must be connect- 


ed in series with it. 


LED SUPPLY 1 This connection permits the user 10 save on regulated Vcc current by 
using a separate LED supply, or it may be externally connected to the 
logic supply (Vcc). 


LOGIC SUPPLY (Vcc) 14 Separate Vcc connection for the fogic chip. 


COMMON GROUND 7 This is the negative terminal for all logic and LED currents except for the 
decimal points. 


The LED driver outputs are designed 10 maintain a relatively constant on-level current of approximately five 
milliamperes through each of the LED’s forming the hexadecimal character. This current is virtually independent of the 
LED supply voltage within the recommended Operating conditions. Drive current varies slightly with changes in logic 
supply voltage resulting in a change in luminous intensity as shown in Figure 2. This change will not be noticeable to 
the eye, The decimal point anodes are connected to the LED supply; the cathodes are connected to externa! pins. Since 
there is no current limiting built into the decimal POiNt circuits, this must be provided externally if the decimal! points 
are used, 


The resultant displays for the values of the binary data in the latches are 2s shown below. 


TTT 
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Logic 
LED 
Input 
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TYPE TIL311 “ 
HEXADECIRIAL DISPLAY WITH LOGIC Bo 


functional block diagram . 


a 


CONSTANT 
CURRENT 
DRIVER 


LATCH BLANKING 
STROBE INPUT 
INPUT 


LEFT RIGHT 
DECIMAL OECIMAL 
POINT POINT 
CATHODE CATHODE 


absolute maximum ratings over operating case temperature range (unless otherwise noted) 


< Logic Supply Voltage, Vcc (See NoteT)  - 2 ee ee ee ee ee ee 7Vv 
. LED Supply Voltage (See Notel) . 2... + - Diu Mb. We BE te Tevih 3) e eae A wk. reel © = eR Ses. TEEN, 
5.5V 


Input Voltage (Pins 2, 3, 5, 8, 12, 13; See Note 1) ee ee ee ee ee ee ee 


* Decimal Point Current . . ..- S - 6 “eerie cat eel wee es fae Yee Te We ete 20mA 


‘ee © = 6 wee 


= ° ° 

: Operating Case Temperature Range (See Note 2) ian EE Sh ah DP Ee ep Red eS SRLS SME FERS SES oC 85C 

iy Storage Temperature Range. 2 ee ee ee ee ee ee ee ~25°C 10 85 C 

ap : NOTES: 1, Voltage valves are with respect 10 common ground terminal. 

. . 2. Case temperature is the surface temperature of the plastic encapsulant mesiured directly Over the integrated circuit. Forced aw 

ie cooling may be required to maintain this temperature 

recommended operating conditions ' 

; MIN NOM MAX UNIT 

SP Logic Supply Voltage, VCC = ee ee ee te te ee ee ee ABS 55 Vv 

‘ LED Supply Voltage, ViED - 7 ee ee ee et tt ee ee ee eet 4S 55 Vv 
Decimal Point Current, lf(OP) - - - 2 + se et tet tt tt et ee 5. mA 

? Latch Strobe Pulse Width, tw - - 2 - - ee ee ee et te te te te ee 40 ns 
Setup Time, tsewup (See Note3) - 2 - - 2 ee ee ee tt et te 50 ns 

2 Hold Time, thoid (See Note 4) Sosa Sim i. GS LS, ERIS, GS a RS sete Gla May wy Se ae ey 40 ns 

. NOTES: 3. Minirnum setup time it the interval immediately preceding ve-going transition of the taich strobe input during which 

we interval the dais 10 be displayed must be maintained at the latch Gata inputs 10 ensure its recognition. 

e* 4. Minimum hold ume is the interval immediaiely following the POtitive going transition of the teich sirobe input during which 

5. inierval the Gat to be displayed Must be mainisined st the latch dats inputs 1O ensure is CONtINved recognilion, 
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General Description 


‘These are dual! polarity tracking regulators design- 
ed to provide balanced positive and negative out- 
put voltages at current up to 100 mA, the devices 
are set for £15 V, +12 V and +5, -12 V outputs 
respectively. Input voltages up to +30 V can be used 
and there is provision for adjustable current limit- 
ing. These devices are available in three package 
types to accommodate various power requirements 
and temperature ranges. 


Schematic and Connection Diagrams 


Voltage Regulators 


ae EY 


LM125/LM325/LM325A, LM126/LM326 Voltage Regulators 


in 


Features 


w +15V and +12V tracking outputs 
® Output currents to 100 mA : 
® »Output voltages balanced to within 1% (LM125, 
LM126, LM325A) 
Line and load regulation of 0.06% 
Internal thermal overload protection 
Standby current drain of 3 mA 
Externally adjustable current limit 
Interna! current limit 


Dual-In-Line Package 


sor vit 


Order Number LM325AN, LM325N, 
or LM326N 
See NS Package N14A 


1) 36-08aD OF 


Order Number LM125H, 
LM325H, LM126H or 
LM326H 
See NS Package H10C 


71 


-SZEINTISZ LW 


‘WSZEIN TISZE 


eal 


Mets 


Cn all 


» 


LM125/LM325/LM325A, 


‘ 


LM126/LM326 


Absolute Maximum Ratings 


Input Voltage 

Forced Vo* {min} (Note 1) 
Forced V¢” (maxi {Note 1) 
Power Dissipation (Note 2) 


Output Short-Circuit Duration (Note 3) 


« + v' = 8S 


= tWVv 
= O0.5V 
40.5V 
_ PMAX 
Indefinite 
ee . ‘ 


Operating Conditions“ 


Operating Temperature Range 
LM125 
LM325, LM325A rhe Ss 
Storage Temperature Range 
Lead Temperature (Soidering, 10 seconds) 


55°C to 4125°C 
, FC 0+70°C 
~65°C to +150°C 

300°C 


rs 


Electrical Characteristics &m125/.m325/LM325A (Note 2) 


PARAMETER 


Output Voltage 
M125, LM325A 
£M325 


input-Output Differential 
Line Regulation 


Line Regulation Over Temperature 
“Range 
Load Regulation 
Vot 
Vo- 
Load Regutation Over Temperature 
Range 
Vot 
Vo- 
Output Voltage Balance 
LM125/LM325A 
LM325 .. 


Output Voitage Over Temperature 
Range 

(M125/LM325A 

LM325 


Temperature Stability of Vo 
Short Circuit Current Limit 
Output Noise Voltage 
Positive Standby Current 
Negative Standby Current 
Long Term Stability 


Thermal Resistance Junction to 
Case (Note 4) 
LM125H, LM325H 


Junction to Ambient 
LM325AN, LM325N 


Ving = 18V to 30V, 1, = 20mA, 
T= 25°C 
Vin = 18V to 30V, I, = 20mA 


t, = Oto SOMA, Vin = t30V, 
T, = 25°C 


IL = 010 50 MA, Vin = £30V 


P<Pmax- OC lo S50 mA, 
18V < IV! <30 


T= 25°C wy 

T; = 25°C, BW = 100 - 10 kHz 
T, = 25°C _ 
1, = 25°C 


Note 1: That voltage to which the output may be forced without damage to the device. 

Note 2: Unless otherwise specified, these specifications apply for Tj = —55°C to +150°C on LM125, Tj = O°C to +125°C 
on LM325 and LM325A, Vin = 220V, IL = 0 MA, Imax = 100 mA, Preyax = 2.0W for the TO-5 H package. IMjAx = 
100 mA, Pax = 1.0W for the DIP N package. 

Note 3: tf the junction temperature exceeds 150°C the output short circuit duration is 60 seconds. 

Note 4: Without a heat sink, the thermal resistance junction to ambient of the TO-5 Package is about 150°C/W. With s heat 
sink, the effective thermal! resistance can only approach the junction to case values specified, depending on the efficiency 
of the sink. — a 
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GATE CONTROLLED TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER 

. designed for use as a general-purpose gated wideband-amplifier, 
vides switch, sense amplifier, multiplexer, modulator, FSK circuit, 
limiter, AGC circuit, or pulse amplifier. See Application Notes 
AN475 and AN491 for design details. 
¢ Large Bandwidth; 75 MHz typical 
© Channel-Select Time of 20 ns typical 
© Differential Inputs and Differential Output 


TYPICAL APPLICATIONS 


VIDEO SWITCH OR 
DIFFERENTIAL AMPLIFIER WITH AGC MULTIPLEX.OR FSK 


Veco == VEE 
tag yas 8(3) 718) 
a(9) |718) = : 
———_—<—<—) i 
Pal 
Channel-Select Input 


Gate or AGC Input 


AMPLITUDE MODULATOR 
VCCo =o VEE 


4(5) j_{8(9) | 718) 
10(1) 
> 


(Ke Audio Input 


Modulation Adjust 5.9% = 


CIRCUIT SCHEMATIC 


Number in parenthesis denotes pin for F and L packages, number 
at left in each case denotes corresponding pin for G package. 


GATE CONTROLLED 
TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER 


MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 


OCTOBER 1971 — DS 9125 R1 


ANALOG SWITCH 


Ve 
_ 4(5) © Faia) Ms 


SIGNAL INPUT e4¢--—= 
a 
| 5(6) 
+ 2(3) 
Figen 


314) 


VEE 
148) 


Carrier 
Input ~~ . 


CASE 607 
TO-86 


G SUFFIX 
METAL PACKAGE 
CASE 602A 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


MAXIMUM RATING 


| Power Supply Voltage 


Differential Input Signa 


Load Current 


Flat Package 
Derate above Tp = + 


Metal Can 
Derate above Ty = + 


Operating Temperature 


ELECTRICAL CHARACTERISTICS 


Characteristic 


: Single-Ended Voltage Gain 
Bandwidth 


| | Input Impedance 
| | (f=50 kHz) 


| |! Output Impedance 
| | (f= 50 kHz) 


! | Output Voltage Swing 
| ! (RL =1.0k ohm, f = 50 kHz) 


Input Bias Current 
(lyp = (ty + 19)/2) 


! Input Offset Current 
' 
Input Offset Voltage 


| Quiescent Output de Level 


| Output dc Level Change 
f (Gate Voltage Change: +5.0 V to 0 V) 


Common-Mode Rejection Ratio 
(f = 50 kHz) 


Input Common-Mode Voltage Swing 


Gate Characteristics 
Gate Voltage Low (See Note 1) 


Gate Voltage High (See Note 2) 


Gate Current High 
(Gate Voltage = +5.0 V) 


Step Response 
(ein = 20 mV) 


| Rating = | Symbol Value 


Power Dissipation (Package Limitation) 


Ceramic Dual In-Line Package 
Derate above Ta = +25°C 


Storage Temperature Range 


MC1545 

Gate Current Low MC1445 
(Gate Voltage = 0 V) ‘ MC1545 
MC1445 


—_- 


STA = -ZE°C unless ott “ISG MOTE) 


fi 


25°C 


25°C 


Range Oto+75 | 


-55 to +125 


MC1445 
MC1545 


i" Fig. No. Symbol” 
Mc1445 | 1,12 | he 
MC1545 
MC1445_ ‘| 
mc1545 | 


MC1445 
MC1545 


MC1445 


MC1545 


MC1445 
MC1545 
MC1445 
MC1545 
MC1445 
MC1545 


MC1445 
MC1545 


| 10, 20 


(Vcc = +5.0 Vde, VEE = 5.0 Vdc, at Ta = +25°C, 
specifications epoly to both input channels unless otherwise noted) 


Min 


| ; 


| (5.0 Hz - 10MHz, Rs = 50 ohms) 


! DC Power Dissipation 


Note 2 VGoy is the gate voltage whi 
*Symbols conform to JEDEC Engine 


MC1445 | 14, 20 
MC1545_ | 


Note 1 Vooy is the gate voltage which resulis in channei A gain of unity or less and chan 


ch results in channel B gain of unity or tess and chan 
ering Bulletin No. 1 when applicable. 


110 


nel B gain of 16 dB or greater. 
nel A gain of 16 dB or greater. 


- 7.0 

- 25 .wV(ems) | 
| { ' 

- 70 150 | mw 

oe 70 | i 


© 
| 
| 


MES > ME Ee 


-6.0V 


+45.0V 


in = 200 mVirms) 
f= 50 kHz 


FIGURE 15 — OUTPUT IMPEDANCE TEST CIRCUIT 


+5.0V -5.0V 
Qo 


To ac 
Voltmeter 


f= 50 kHz 


FIGURE 17 — INPUT OFFSET VOLTAGE AND QUIESCENT 
OUTPUT LEVEL TEST CIRCUIT 


+$.0V -5.0V 


+5.0V 


Number in parenthesis denotes pin for F and L packages, number at left in each case denotes corresponding pin for G package. 


in = 50 mVirms) 
f= 50 kHz 


in = 50 mVirms) 


Eg 
Y10* so0 
in = 1.0 V(ems) 
v2 (v2) f= 50 kHz 


FIGURE 14 — INPUT IMPEDANCE TEST CIRCUIT 


+5.0V 


-$.0V 


4 (5) 


5 (6) 


Toac 
| 


Voltmeter 
51k — 2(3) 


5.0 k (41%) 3 (4) 


To ac 
Voltmeter 


eo 


FIGURE 16 — INPUT BIAS CURRENT AND INPUT 
CFFSET CURRENT TEST CIRCUIT 


+5.0V -5.0V 


10 (1) 
Ot 


Pa 6 (7) 


| 110 is the difference in current 
| 1 (2) reading when either S} or S2 
L_ is switched. 
j 
+5.0V 


FIGURE 18 — GATE CURRENT (HIGH AND LO\¥), 
COMMON-MODE REJECTION AND 
COMMON-MODE INPUT RANGE TEST CIRCUIT 


-5.0V 


+6.0V 


Adjust Ry until V7 
reads 0 Volts then 
read Ede. 


Avs . 
Avec 


hIOTORCLA Senticonductor Products [nc. ——— 


\ 


FIGURE 19 — PROPAGATION DELAY 4.°/D RISE AND 
FALL TIMES TEST CIRCUIT 


To “A” Channel 


of Scope 
Pulse 51 5 (6) 
Gen. 
tin = 20 mV 
t= <5.0 ns 


Number in parenthesis denotes pin for F and L packages, 


number at left in each case denotes corresponding pin for G package. 


FIGURE 20 — POWER DISSIPATION AND WIDEBAND 
INPUT NOISE TEST CIRCUIT 
+60V -S0V 


-5.0V 


+5.0V 


Scope — 
Tektronix 567 
of equiv 


5 


True rms Voltmeter 
with Bandwidth of 


To “B" Channel 5.0 Hz to 10 MHz 


of Scope 


Vv 
VN{in) = = 


Pp=5iIt+r) 


Open 


| FIGURE 21 — LIMITING CHARACTERISTIC 


fout, DIFFERENTIAL OUTPUT VOLTAGE (Vp-p) 


! | 
0 100 200 300 400 500 
tin. SINGLE-ENDED INPUT VOLTAGE (mVp-p) 


G SUFFIX 
METAL PACKAGE 


CASE 602A 


Weight = 0.918 gram 


Pin 7 connected to case 


Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 


complete information sufficient for construction Purposes is not 
necessarily given. The information has been carefully checked and 


stat eee rem ee eee 


CASE OUTLINES 


F SUFFIX 
L SUFFIX CERAMIC PACKAGE 
CERAMIC PACKAGE CASE 607 
CASE 632 TO-86 
TO-116 Bee 
= 
0,190 0, qpooscer 
0.210 are C 0.150 
ac T et | 


woes AMAAANA age 


oo Ps 


wl 


0023 


0.660 


{ = pe i. poyrrg nore Lead 1 identified by color dot or by elbow on lead. 
“ _I||_. 0.029 Weight = 1.954 grams : 
0.045 Alt JEDEC dimensions and notes apply 


AN SEDEC TO-116 dimensions and notes apply. 
© Tha dimension is messed from the lead centers Weight = 0.238 Gram 
at the seating plane. 
@ Orientation will be indicated either by mechanical 
indax point os notch in pin V es chown. 


is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 


BOX 20912 © PHOENIX, ARIZONA 85036 © A SUBSIDIARY OF MOTOROLA INC. 


FIOTOROLA Semiconductor Products Iine.-—— 
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FEATURES 

@ High Slew Rate ......-. 2... +e eee cece eee . W7Vips 
e Fast Settling to +0.1% .....-..- cece eee e eee 900ns 
e Low Input Offset Voltage ........... 500,V Maximum 
e Low Input Offset Voltage Drift .............. 2.0nV/°C 
© 156 Speed with 155 Dissipation ....... (BOMW Typical) 
e@ Wide Bandwidth ..........-..--- eee eee eee 6MHz 
@ Minimum Slew Rate Guaranteed on All Models 

© Temperature Compensated Input Bias Currents” 

e@ Guaranteed Input Bias Current 


GA 25 Cee eer scoes essen, Ba ea 9nA Maximum 


© Bias Current Specified WARMED UP Over Temperature 
e Internal Compensation 

e Low Input Noise Current .........---.--- 0.01pA.Hz 
‘e High Common Mode Rejection Ratio .......... 100dB 
e 


Models With MIL-STD-883 Class B 
Processing Available From Stock 


GENERAL DESCRIPTION 


The OP-15_ provides an excellent combination of high-speed 
and low input offset voltage. In addition, the OP-15 offers 
the speed of the 156A op amp with 155A dissipation. To further 
enhance the excellent input parameters, the OP-15 uses 
bias current compensation to maintain low input bias current 
at elevated temperatures. 


SIMPLIFIED SCHEMATIC DIAGRAM 


“NOTE. A7, RE ARE ELECTRONICALLY ADJUSTED ON CHF FOr tune 
OFFSET VOLTAGE 


Ui 
PRECISION JFET INPUT 
OPERATIONAL AMPLIFIER 


LOW SUPPLY CURRENT 


The OP-15 was designed to provide real precision performance 
along with its high speed. For example, the 500,V offset 
voltage yields less than 1/2 LSB error in a 12-bit, 5V DAC. 
Although the OP-15 can be nulled, the design objective was 
to provide low offset voltage and drift WITHOUT NULLING. 
Systems become MORE COST EFFECTIVE as the number of 
error correcting “knobs” decrease. PMI achieves this perfor- 
mance by use of an improved BIFET process coupled with 
on-chip zener-zap offset trimming. 


Most high-speed monolithic op amps give settling time 
specifications to 0.01 &% error band, and so does PMI. Since 
0.01% of 10V is imvV, it is surprising that these same op 
amps have offset voltage errors in the 0.02% to 0.3% range. 
A large number of applications are in the 0.05% to 0.1% 
range, and PMI also gives specs for these error bands in its 
settling times. The fact that 500,V is only 0.005% of 10V is 
why PMI specifies settling time to a true 0.01% error band. 


The combination of low input offset voltage of 500.V Max- 
imum, slew rate of 17V/us, and settling time of 900ns — to 
0.1% — makes the OP-15 a true precision, high-speed op 
amp. The additional features of low supply current coupled 
with an input bias current of 9nA at 125°C ambient (not junc- 
tion) temperature makes the OP-15 useful in a wide range of 
applications. 

Applications include high-speed amplifiers for current out- 
put DACs, active filters, sample-and-hotd buffers, and 
photocel amplifiers. For additional precision JFET op amps, 
see the OP-16, OP-17, and OP-215 (dual OP-15) data sheets. 


PIN CONNECTIONS & ORDERING INFORMATION 


ORDER: OP-15AJ 

OP-15BJ 

OP-15CJ 

OP-15EJ 

Seat OP-15FJ 


Sh yy OP-15GJ 
TO-99 (J-Suffix) 


« 
V- (CASE) 


Military Temperature Range Devices 
With MIL-STD-883° Class B Processing 


ORDER: OP15AJ/883 
OP15BJ/883 
OP15CJ/883 


*Current revision in effect 
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|FET INPUT 
LIFIER 


) CURRENT 


precision performance 
qple, the S00zV offset 
win a 12-bit, 5V DAC. 
: design objective was 
t WITHOUT NULLING. 
TIVE as the number of 
\t achieves this perfor- 
process coupled with 


1S give Settling time 
d so does PMI. Since 
that these same op 
3.02% t0 0.3% range. 
1 the 0.05% to 0.1% 
ese error bands in its 
nly 0.005% of 10V is 
ze 0.01% error band. 


itage of 500.V Max- 
time of 900ns — to 
sion, high-speed op 
ply current coupled 
C ambient (not junc- 
ul in a wide range of 


iers’ for current out- 
-hold. buffers, and 
sion JFET op amps, 
OP-15) data sheets. 


Dasnion 


OP-15 PRECISION JFET INPUT OPERATIONAL AMPLIFIER 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 


OP-15A, OP-15B, OP-15E, OP-15F 
OP-15C, OP-15G .... 


Internal Power Dissipation 


All Devices ......... 


500mWw 


(The TO-99 (J) package must be derated based ona 
thermal resistance of 150° C/W junction to ambient or 
45° C/W junction to case. : 
Operating Temperature Range 


OP-15A, OP-15B, OP-15C .......... 


-55°C to +125°C 


OP-15E, OP-15F, OP-15G .............. O°Cto +70°C 
Maximum Junction Temperature (Ty) 


TOG (I)? cies sisussa ai olena ira ssroeeiehe:stevatocaisiete widinnecs 


+ 150°C 


Differential Input Voltage 


OP-15A, OP-15B, OP-15E, OP-15F ...........56. +40V 

OP-15C, OP-15G oc. cece etna ewoieeeas SStBOV 
Input Voltage 

OP-15A, OP-15B, OP-15E, OP-15F ..........-. .. 2+20V 

OP-15C, OP-15G ....... dianioatn ta acanauanatine snsiempaeia’ EBV, 


(Unless otherwise specified the absolute maximum 
negative input voltage is equal to the negative power 
supply voltage.) 
Output Short Circuit Duration ............... Indefinite 
Storage Temperature Range TO-99 (J). ~65°C to +150°C 
Lead Temperature Range (Soldering, 60 sec.).... +300°C 


ELECTRICAL CHARACTERISTICS at V,= +15V, T, = 25°C, unless otherwise noted. 


OP-15A OP-15B OP-15C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos Rs = 500 _ 0.2 0.5 _ 0.4 1.0 - 05 3.0 mv 
Ty = 25°C (Note 1) - 3.0 10 - 6.0 20 - 10.0 50 A 
Input Olisel Current los Device Operating - 50 2 — 100 40 — 2 100 P 
7 Ty = 25°C (Note 1) - 15 50 - 30 100 ed 60 200 A 
Input Bies:Current: “tp Device Operating - 18 110 _ 40 200 = 80 400 e 
Input Resistance = Ryy — 10% _ — 1072 = — 102 = o 
Large Signal A R, = 2k 1 4 = 7 = 50 200 _ Vimv 
Voltage Gain vO Vo = +10V Oo" Nee e220 
Output Voliage v. R, = 10k + £13 -_ 212 213 _ +12 213 _ Vv 
Swing om RA, = 2k #11 2127 - 110 £127 ~ 2410 £127 - 
Renate 
Supply Current Isy - 27 4.0 - 27 40 — 28 5.0 mA 
Siew Rate SR oa mo 10 7 = 7 6 = 50 1% = Vins 
Gain Bandwidth = Gaw (Note 3) 40 60 — 35 57 30 54 MHz 
Product 
Closed Loop = = ae <= = GT = = 4° MHz 
Bandwidth Crew! AveL SO 
to 0.01% - 2.2 - - 2.3 - - 24 - 
Settling Time ts to 0.05% (Note 2) - 11 - _ 1.1 - - 12 - us 
to 0.10% _ 0.9 - - 09 _ - 1.0 _ 
Input:-vortags IVR 41005 -— = 205 — — #030 - — v 
Range c. 
Common Mode CMRR Vom= 210.5V 86 100 ~ 86 100 - - =- - dB 
Rejection Ratio Vom= 210.3V - =- - - = - 82 96 _ - 
Vee = 10V 8 00 — 8 1000S =.= <= 
Power Supply PSAR to +18V 6B 
Rejection Ratio Vg = +10V = oe, ra = a = B2 400 aan 
to + 15V 
Input Noise ‘ fo = 100Hz _ 20 ~ - 20 - - 20 - AVI, Hz 
Voltage Density i“ fo = 1000Hz - 15 - = 15 _ _ 15 ~ a 
Input Noise i {9 = 100Hz - 0.01 - _ 0.01 - _- 0.01 _ PAK Az 
Current Density fo = 1000Hz — 0.01 _ — 001 - — 0.01 - 
Input Capacitance Cyy - 3.0 - - 3.0 - - 3.0 - pF 


NOTES: 


1. Due to limited production test times the bias currents correspond to 
junction temperatures. The bias current vs time (after power-on) curve 
clarifies this point. Since most amplifiers (in use) are on tor more than 1 
second, PMI also specifies the bias current for the warmed-up condi- 
tion. The warmed-up bias current value is correlated to the Junction 
temperature value via the curves of Ipvs Ty and Ig vs Ta. PMI has a bias 
current compensation circuit which gives improved bias current over 


a Td 


on 


a Se ee te Ser aed < 


the standard JFET input op amps. lg and Ios are measured at Voy = 0. 
2. Settling time is defined here for a unity gain inverter connection using 
2kN resistors. It is the time required for the error voltage (the voltage at 
the inverting input pin on the amplifier) to settle to within a specified 
percent of its final value from the time a 10V step input is applied to the 
inverter. See settling time test circuit. 
3. Parameter is noi 100% tested. 90% of all units meet these specifications. 
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OPERATIONAL AMPLIFIERS OP-15 roy 


OP-15 PRECISION JFET INPUT OPERATIONAL AMPLIFIER 


ELECTRICAL CHARACTERISTICS at Vv, = +15V, -55°C<T, = +125°C, unless otherwise noted. 


PARAMETER 
input Offset Voltage Vos 


OP-15A OP-15B 
SYMBOL CONDITIONS MIN TYP MAX 


TYP 


MAX 


Rs = 500 —- o4 089 


0.7 


2.0 


Average Input 
Offset Voltage Oritt 
Without External 
Trim 
With External 
Trim (Note 3) 


TCVo5 


Rp = 100k2 


Input Offset 
Current (Note 1) 


Ty = 125°C 
Ty = 125°C 
Device Operating 


09 


(Note 3) 
40 15 


40 


1.0 
15 


Input Bias Current 
{Note 1) 


Ty = 125°C 
TT, = 125°C 
Device Operating 


18 
27 


Input Voltage 
Range 


Common Mode 
Rejection Ratio 


Vom = 2 10.4V 
Vom = 2 10.25V 


Power Supply 
Rejection Ratio 


Vs = + 10V 
to +18V 
Vg = + 10V 
to + 15V 


Large Signal 
Voltage Gain 


Maximum Output 
Voliage Swing 


RR, = 2k 
Vo = £10 


R, = 10k2 
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DP-15C 
AX UNITS 
as mV 
{Note 3) 
40 15 
aveC 
40 - 
1.0 9.0 
15 v7 nA 
18 10 
27 19 nA 
- - v 
Pe 7 aB 
oB 
93 - 
100 - Vimv 
213 _ Vv 


OP.15 PRECISION JFET INPUT OPERATIONAL AMPLIFIER 


ELECTRICAL CHARACTERISTICS at v, = = 15V, T, = 25°C, unless otherwise noted. 
er 


OPERATIONAL AMPLIFIERS OP-15 Teal 


OP-15E OP-15F OP-15G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos Rg = 500 —- 02 Of - o4 10 — 05 30 ye 
Ty =25°C (Note 1) - 3.0 10 - 6.0 20 - 12 50 
ffset C i} J 2 A 
dnput-Of{set Current: los Device Operating —- 50. 2 ~ 100 40 —- 2 10 e 
- Ty = 25°C (Note 1) - 1§ 50 - 30 100 - 60 200 " 
Input Bias Current: 'p Device Operating _ 18 110 - 40 200 - BO 400 pA 
Input Resistance Fin — 1012 = — 10912 = — 12 = Q 
Large Signal - R, =2ko 1 os _ a 
Voltage Gain Avo Vo= £10¥ og; 240 i) ieee mo 2200) Vimy 
Output Voltage Vv, A, = 10k 412 213 - £12 213 - 212 £13 _ v 
Swing on R, = 2k au £127 00 = 11 £127 os 211 2127 - 
Supply Current Igy — 27 4.0 _- 27 40 - 28 5.0 mA 
A = +10 
SR VCL = ! = ‘| wes Vv 
Siew Rate (Note 3) 10 W 75 16 5.0 15 eS 
Gain Bandwidth - 
GBW Not 4 A -— i . - / . =— M 
Product (Note 3) 0 6.0 3.5 §.7 3.0 5.4 Hz 
Closed Loop = _ _ _ _ = ta 
pact CLBW Aye = +1.0 14 13 12 MHz 
to 0.01% - 22 - - 23 =- - 24 - 
Settling Time ts to 0.05% (Note 2) —_ 1.1 one _ 41 — _ 1.2 _ aS 
to 0.10% - 0.9 - _ o9 - _ 1.0 _ 
Input Voltage IVR 21005  —- = 2005 -— = 2030 —- = v 
Range 
Common Mode Vow = 210.5V 86 100 = 86 100 - _ - ~_ 
Cc cM 
Rejection Ratio aed Vom = £10.3V - _ - _ _ - 82 96 - a8 
Vee 2 10V 86 100 _ 86 = 100 a - = = 
Power Suppty PSRR to +18V dB 
Rejection Ratio Ve = +10V 
_ - _- - _ - 82 100 - 
to t15V = 
Input Noise {, = 100Hz - 20 - _ 20 - - 20 = Ar 
Voltage Density °" 1, = 1000H2 = Ae = = 45 ae PMS 
Input Noise fy = 100H2z - 0.01 - - 0.01 - - 0.01 _ Aine 
Current Density '" 1, = 1000Hz = 00° = = Obi = a ae ade 
input Capacitance Cyn - 3.0 =- - 3.0 _- - 3.0 - pF 
ae FET i Ip and! dat Voy =0 
1. Due to limited production test times the bias currents correspond to junc- 3 i input ep emp: B and los are nee See 
2. Settling time is defined here for a unity gain inverter Connection using 2k0 


tion lemperatures. The bias current vs lime (after power-on) curve Clarifies 
this point. Since most amplifiers (in use) are on for more than 1 second, 
PMI also specifies the bias current for ihe warmed-up condition. The 
warmed-up bias current value is correlated to the junction temperature 


value via the curves of Igvs Ty and Ip vs Ta. PMI has a bias current com- 
pensation circuit which gives improved bias current over the standard 


resistors. It is the time required for the error voltage (the voltage at the in- 
verting input pin on the amplifier) to settie to within a specified percent of 
its final value from the time a 10V step input is applied to the inverte’ See 


settling time test circuit. 


3. Parameter is not 100% tested. 90% of all units meet these specitications 


, 
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OP-15 PRECISION JFET INPUT OPERATIONAL AMPLIFIER 


ELECTRICAL CHARACTERISTICS at v, = +15V, 0°C<T,< +70°C, unless otherwise noted. 


OP-15E 
PARAMETER SYMBOL CONDITIONS TYP 
Input Offset Voltage Vos Rs = 509 0.3 
Average Input 
Offset Voltage Dritt 
Without External 
T 0 
Trim CVos 2 
With External 
L Vv, =1 
i TCVos, Ry =100k2 2.0 
i 
Input Offset : pee soe 
Current (Note 1) “OS. Desics Gravina 0.06 
Input Bias Current a pide oe 
(Note 1) 8 Anat P 0.13 
Device Operating 
Input Voltage IVR Re = 509 a 
Range $ 
Common Mode cmaR VYou= 210.4V 98 
Rejection Ratio Vom = + 10.25V - 
Vs = 210V 98 
Power Supply PSAR to +20V 
Rejection Ratio Vs = 2 10V = 
to +15V 
Large Signa! RL 22k 
Voltage Gain Avo Vo= +10 200 
Maximum Output ei R, 2 10kO £13 


Voltage Swing 


TYPICAL PERFORMANCE CURVES 


BIAS CURRENT vs TIME 


IN FREE AIR 


TIME AFTER POWER APPLIED-SECONDS 


INPUT BIAS CURRENT (nA} 


INPUT BIAS CURRENT vs 
JUNCTION TEMPERATURE 
UNITS ARE NOT WARMED-UP 


TH 
: a 


INPUT BIAS CURRENT vs 
AMBIENT TEMPERATURE (UNITS 
ARE WARMED-UP IN FREE AIR) 


BA 
xe 


ail 


JUNCTION TEMPERATURE 


AMBIENT TEMPERATURE {‘C} 


\\ JOPOR OLA 


BE BID , MDE WH B03 65) 


= 4 


OY D2PAS DAIS DTS 


C1495L 


Specifications and Applications Information 


WIDEBAND MONOLITHIC 
FOUR-QUADRANT MULTIPLIER 
- . . designed for uses where the output is a linear product of two 
input voltages. Maximum versatility is assured by allowing the user 
to select the level shift method. Typical applications include: multi- 
ply, divide*, square root*, mean square”, phase detector, frequency 
doubler, balanced modulator/demodulator, electronic gain control. 
*When used with an Operational amplifier. 


¢ Wide Bandwidth 


¢ Excellent Linearity — 1% max Error on X-Input, 2% max Error on 
Y-Input — MC1595L 


© Excellent Linearity — 2% max Error on X-Input, 4% max Error on 
Y-Input — MC1495L 


¢ Adjustable Scale Factor, K 


© Excellent Temperature Stability 
© Wide Input Voltage Range — + 10 Volts 


FIGURE 1- FOUR-QUADRANT 
MULTIPLIER TRANSFER CHARACTERISTIC 


Ay, GAIN (dB) 


. re 


LINEAR FOUR-QUADRANT 
MULTIPLIER INTEGRATED 
CIRCUIT 


¢ + 15 Volt Operation 


MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 


DS 9124 R1 


(top view) 


CERAMIC PACKAGE 
CASE 632 


TO-116 


Output 
(KXY) 


ees 


Linearity: 
Output Error in Percent of Full Scale: 
Ta = +25°C 
-10< Vx < +10 (Vy =410 V) 


-10< Vy < +10 (Vy =410 V) 


i Ta =0t0 +70°C 
| -10<Vyx< +10 (Vy =+10 V} 
-10< Vy< +10 (Vx =+10 V) 
| Ta = -55°C to +125°C 
' cei +10 (Vy = #10 V) 
| -10< Vy< +10 (Vx = +10 V) 
Squaring Mode Error: 


Accuracy in Percent of Full Scale After 
Offset and Scale Factor Adjustment 


Ta = +25°C 
Ta = Oto +70°C 
' Ta = -55°C to +125°C 
| Scale Factor {Adjustable} 
2R 
{ {K = rh Se 
! 13 Rx Ry 


Input Resistance 
(f = 20 Hz) 


i Differential Output Resistance (f = 20 Hz) 
Input Bias Current 


t 

(Ig + 149) ; (Iq + Ig) 
'bx = > “by 5} 

! 


; Input Offset Current 
lig — tal 


Ng — tgl 
1 
_ Average Temperature Coefficient of 
| Input Offset Current 
j (Ta = Oto +70°C) 
{Ta = -55°C to +325°C) 
' Output Offset Current 
| Wtya-tal 
! 
, Average Temperature Coefficient of 
Output Offset Current 
(Ta = 0 to +70°C) 
(Ta = -55°C to +125°C) 


Frequency Response 
3.0 dB Bandwidth, Ry = 11kQ 


-EVECTRICAL CHARACTERISTICS (yt = -20w4e 
Ar > 11 2 


MC1495 
MC1595 


MC1495 
MC1595 


MC1495 


MC1595 


MC1495 
MC1595 


MC1495 
MC1595 


MC1495 
MC1595 
MC1495 
MC1595 


MC1495 
MC1595 
MC1495 
MC1595 


MC1495 
MC1595 


MC1495 
MC1595 


MC1495 
MC1595 


MC1495 
MC1595 


MC1495 
MC1595 


3.0 dB Bandwidth, Ry = 50 Q (Transconductance Bandwidth) 
3° Relative Phase Shift Between Vx and Vy 


1% Absolute Error Due to Input-Output Phase Shift 


Common Mode Input Swing 
(Either Input} 


: Common Mode Gain 

| (Either Input) 

| 

; Common Mode Quiescent 
} Output Vottage 


‘ Differential Output Voltage Swing Capability 


; Power Supply Sensitivity 
{ 


, Power Supply Current 
: DC Power Dissipation 


MC1495 
MC1595 


MC1495 
MC1595 


-15V, 
"'Ess Otfie 


Ta = 425°C, 3-143 1mA, Ry = 
enwise noted} 


Characteristic I Figure Symbol Unit 
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ErRx 
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ERx 
Ery 
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MegOhms 


nA/°C 
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LM104/LM204/LM304 


National 
Semiconductor 


General Description 
The LM104 series are precision voltage regulators 
which can be programmed by a single external 
resistor to supply any voltage from 40V down to 
zero while operating from a single unregulated 


tion in circuits using a separate, floating bias 
supply, where the output voltage is limited only 
by the breakdown “of external pass transistors. 
Although designed primarily as linear, series 
‘regulators, the circuits can be used as switching 
regulators, current regulators of in a number of 
other control applications. Typical performance 
characteristics are: 

® Subsurface zener reference 

= 1 MV regulation no load to full load 

® 0.01%/V tine reguiation 

® 0.2 MV/V ripple rejection 
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Typical Applications 


Operating with Separate Bias Supply 


LM104/LM204/LM304 Negative Regulator 


VP uMninyeek eit tine ote ianits 


supply. They can also provide 0.01-percent regula- 


Schematic and Connection Diagrams 


+003 


Voltage Regulators -: 


rar ‘ 
‘ 


ce 243 Nex? 
= 0.3% temperature stability over military tem- 

~ perature range : 
The LM104 series are complements of the LM100 
and LM105 positive regulators, intended _ for. 
systems. requiring regulated negative voltages 
which have a common ground with the unregu- 
lated supply. By themselves, they can deliver 
output currents to 25 mA, but external transistors 
can be added to get any desired current. The 
output voltage’ is set by external resistors, and 
either constant or foldback current limiting is ~' 
made available. 
The LM104 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM204 is specified for operation over the -25°C to 
+85°C temperature range. The LM304 is specified 
for operation from O°C to +70°C. 


Meta! Can Package 
ae 


|_ 8 MEGULATED 
{— output 


_} noosten 
output 


Wote: Pin 5 connected to cave. 
TOP viEw 
Order Number LM104H, LM204H or LM304H 
See NS Package H10C 
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_ Absolute Maximum Ratings 


LM104/LM204 


Input Voltage 
Anput-Output Voltage Differential _ 
Power Dissipation (Note 1) 
Operating Temperature Range 
LM104 -55°C to 125°C 
~ LM204 _ "25°C to B5°C 
| LM304°~ Te O°Ct0 +70°C, 
* Storage Temperature Range , -65°C to 150°C ~65°Cto +150" C sip 
Lead Temperature (Soldering, 10 sec} nus -300°C * 300°C . 


Electrical Characteristics © 


| ee 
50 . : 


PARAMETER 


Input Voltage Range 
Output Voltage Range 


Output-Input Voltage Io = 20mA 
Differential (Note 3) Io =5mA 


Load Regulation (Note 4) O<Ig <20mMA 
v Rgc = 152 


Line Regulation (Note 5) Vout < —5V 
AVin = 0.1 Ving 


Ripple Rejection Cig = 10 wF, f = 120 Hz 
“ Vin <—15V 
-7V>Vin > > -15V 


Output Voltage Scale Factor | Roz = 2.4k 
Temperature Stability Vo S-1V 


Output Noise Voltage 10 Hz Sf < 10 kHz 
‘io < -5V, Cig = 0 
Cig = 10 uF 


Standby Current Drain i, =5MA, Vo =0 
.* Vo = -30V 
Vo = —40V 


Long Term Stabitity Vos <-1v 


4 


Note 1: The maximum junction temperature of the "LM104 is 150°C, while that of the LM204 is 125°C and LM304 is 100°C. 
“For operating at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, 

junction to ambient, or 45°C/W, junction to case. 

Note 2: These specifications appty for junction temperatures between —55°C and 150°C (between —25°C and 100°C for the 

LM204 and 0°C to +85°C for the M304) and for input and output voltages within the ranges given, unless otherwise specified. 


The joad and line regulation specifications are for constant junction temperature. Temperature orift effects must be taken into 


\ account separately when the unit is operating under conditions of high dissipation. 
Note 3: When external booster transistors are used, the minimum output-input voltage differential is increased, in the worst case, 
by approximately 1V. 
Note 4: The output currents given, as well as the load reguiation, can be increased by the addition of external transistors. The 
improvement factor will be roughly equal to the composite current gain of the added transistors. 
Note 5: With zero output, the dc line regulation ts determined trom the ripple rejection. Hence, with output voltages between OV 
and —B6V, a dc output variation, determined fromthe rippie rejection, must be added to find the worst-case line regulation. 


pOSIN/POZINT/OLINT 


Voltage Regulators 


LM105 ADM2D5/LM305 voltage regulator 


general description 


The LM105, LM205 and LM305 are positive volt- 
age regulators similar to the LM100, except that 
an extra gain stage has been added for improved 
regulation. A redesign of the biasing circuitry 
removes any minimum load current requirement 
and at the same time reduces standby current 
drain, permitting higher voltage operation. They. 
are direct, plug-in replacements for the LM100 in 
both linear and switching regulator circuits with 
output voltages greater than 4.5V. Important 
characteristics of the circuits are: 


® Output voltage adjustable from 4.5V to 40V ~*~ 


® Output currents in excess of 10A possible by 
adding external transistors 


® Load regulation better than 0.1%, full load with 
current limiting 


® DC line regulation guaranteed at 0.03%/V 
® Ripple rejection of 0.01%/V 


Like the LM100, they also feature fast response to 
both load and line transients, freedom from 
oscillations with varying resistive and reactive 
loads and the ability to start reliably on any load 
within rating. The circuits are built on a single 
silicon chip and are supplied in either an 8-lead, 
TO-5 header or a 1/4" x 1/4°’ metal flat package. 


The LM205 is identical to the LM105 except that 
it is specified for operation from -25°C to 85°C. 


The LM305 is specified for operation from 0°C to 
70°C and for output voltages to 30V. 


schematic and connection diagrams 


UNREGULATED PUT 


Metal Can 


BOOSTER OUTPUT 


REGULATED DUTPUT 


CURRENT Let G) ti) eres 


CURACOT Li eoosteR outeur (2) (6) Feepeace 


UNREGULATED tHPUT Q) (3) REFERENCE BYPASS 


ar rut 
REGULATED OUTPU CROUND 
Mote: Pre & tesaected te come 
Tor view 


COmPtNsalioe 
SuuTOOwN 


Flat Package 


0 CONNECTION ” 
BOOSTER OUTPUT 5 
‘ 

? 


WO COMMECTION 
CURREGT LeMy 
REGULATED OUTPUT 
COMPENSATION 
REFERERCE BYPASS [——j5 ‘ FEEOBACE 


UNREGULATED INPUT 


Ftc oeAcK 
SROUND CI j4 


REFERENCE BYPASS Bote: Pm é connected te bones of package 


typical applications 


1.0A Regulator with Protective Diodes 


10A Regulator with Foldback Current Limiting 


31 


SOEW1/SOCWI/SOLWI 


absolute maximum 


input Votiage 
LM105, LM205 
LM305 
Input-Output Voltage Differential 
Power Dissipation (Note 1} 
M105, LM205 
LM305 
Operating Temperature Range 
tM105 
LM205 
M305 
Storage Temperature Range 


ratings 


BS 50V 
40V 
40Vv 


800 mW 

500 mW 

0°C 10 70°C 
-55°C to +85°C 
~25°C to +150°C 
0°C to 70°C 
-65°C to 150°C 


Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics (Note 2) 


. 


Input Voltage Range 
LM105, LM205 
LM305 


LM105/LM205/LM305 


Output Voltage Range 
LM105, (M205 
LM305 


Output Input Voltage 
Differential 


Load Regulation (Note 3) 
LM105 O< Ip S12 mA 
Rgc © 1882, Ta = 25°C 
Rec = 1082, Ta = 125°C 
Rs = 1882, Ta = -55°C 


O<I,<12pA 

Asc = 18892, T, = 25°C 

RAgc = 1082, Ta = 85°C 
a) Rgc = 1802, Ta = -25°C 

O< Ig < 12 mA 

Rc = 1882, Ty = 25°C 


Rec = 1592, Ta = 70°C 
Asc = 1822. Ta = OC 


Vin - Vout $ 5V 
Vin - Vout > 5V 


Line Regutation 


Ripple Rejection Cree = 1OmF, f= 120Hz 
Temperature Stability 
LM105 55°C <S Ta < 125°C 
LM205 -25°C ST, < 85°C 
LM305 OC ST, < 70°C 


” 


Feedback Sense Voltage 


10 Hz << 10 kHz 
Cree = 0 
Cree > 0.0 uF 


Output Noise Vottage 


Standby Current Drain. 
LM105, LM205 Vin = 40V 
LM305 Vin ® SOV 


Long Term Stability 


Note 1: The maximum junction temperature of the LM105 is 150°C, while that for the LM205 is 
100°C, and that for the LM305 is 85°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, 
junction to case. For the flat package, the derating is based on a thermal resistance of 185°C/W when 
mounted ona 1/16-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. 
Peak dissipations to 1W are allowable providing the dissipation rating is not exceeded with the power 
averaged over a five second interval for the LM105 and LM205, and averaged over a two second 
interval for the LM305. 

Note 2: These specifications apply for input and output voltages within the ranges given, and fora 
divider impedance seen by the feedback terminal of 2k2, unless otherwise specified. The load and 
line regulation specifications are for constant junction temperature. Temperature drift effects must be 
taken into account separately when the unit is operating under conditions of high dissipation. With the 
LM205, however, all temperature specifications are limited to -25°C to 85°C. : 

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of 
external transistors. The improvement factor will be roughly equal to the composite current gain of 
the added transistors. 


LM105/LM205/LM305 


typical performance characteristics 


Current Limiting 
Characterjstics 


6 
9 
‘= 
= 
2 
n 
a 
cc 
a] 
Ls] 
Q 
- 


Load Regulation 


3 . 
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(1) NOLLWIAIO JOVIIOA Lneino 


OUTPUT CURRENT (mA) 


LOAD CURRENT (mA) 


LOAD CURRENT {mA) 


Optimum Divider Resistance 


Short Circuit Current 


~ 


Current Limit Sense Voltage 


(A) FOVALIOA 3SN35 LIN) ANdeEND 


$0 75 300 125 180 


-TS -$0 -25 


JUNCTION TEMPERATURE (°C) OUTPUT VOLTAGE {V} 


JUNCTION TEMPERATURE (CI 


Supply Voltage Rejection 


Regulator Dropout Voltage 


Minimum Input Voltage 


Pet 


(A/%) NOILD3FIY JOWLIOA ATddNS 


(A) 30VL10A Lfent 


TEMPERATURE °C) INPUT-OUTPUT VOLTAGE DIFFERENTIAL {V) 


TEMPERATURE ( C} 


Transient Response 


Standby Current Drain 


Minimum Output Voltage 


(A) 2OW1 TOA aneino 


INPUT VDLTAGE {¥) 


TEMPERATURE t CI 
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é 


*. General Purpose Resistors ~ 


TYPE TR—1/10 Watt “aq 
‘ 


es 
TYPE CB—% Watt 


H 
t 
t 
i 
$ 


——————— = oe — 


TYPE EB— Yo Watt 


TYPE GB—1 Watt 


fac 


TYPE HB—2 Wott 


Metal Clad Resistors 


TYPE HM—4 Watt 


Hermetically Sealed — 
Ceramic Encased Resistors 


eras 


TYPE TS—Ye Watt 


i TYPE CS—Ys Watt 


t —_ 


Se 2 oe oe, 
TYPE ES—1 Watt 


10. 


11. 


12. 


13. 


14, 


15. 


16. 


17. 


Resistance changes due to humidity are temporary, 
and in the case of Allen-Bradley resistors are re- 
versible, 


Resistance changes dve to increase in moisture con- 
tent are always positive. 


Resistance change due to humidity in low-valve re- 
sistors is less than in high-value resistors. 


Change of resistance which has occurred due to 
humidity may be essentially eliminated by condi- 
tioning the resistor at 100°C for 48 hours. 


Resistors operating with as little as 1/10th rated watt- 
age load are essentially not affected by humidity. 


Hermetically-sealed resistors do not exhibit resistance 
change because of humidity. 


Resistance change due to load life is permanent and 
ultimately negative. 


Resistance change due to load life can be minimized 
—1% to 2% in many thousands of hours by 50% 
derating. 


This same result can be attained by limiting the maxi- 
mum operating surface temperature of the resistor 
under load to 100°C. 


Resistance change due to soldering is positive and may 
be permanent if the resistor has moisture present in 
its body. It can be greatly minimized if resistors are 
dry at the time of soldering. 


The temperature characteristic of the Allen-Bradley 
resistor is positive above and below room temperature 
—room temperature is considered to be between 


10°C and 30°C. 


The temperoture characteristic of the Allen-Bradley 
resistor is negligible from — 10°C to + 80°C, 


The voltage characteristic of the Allen-Bradley re- 
sistor is negative and jis less at elevated operated 
temperatures than at room ambient. 


The voltage characteristic is less in low-value resistors 
than in high-value units. 


The voltage characteristic and the temperature char- 
acteristic tend to cancel one another in an Allen- 
Bradley resistor under average operating conditions, 
where both voltage and temperature are present. 


The heat sink to which a resistor is connected affects 
its rating. Resistors operated in parallel should be 
derated unless an adequate heat sink is provided. 


The quality ond reliability of Allen-Bradley resistors 
is the some for, and independent of, any resistance 
tolerances shown on the resistor. 
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MM2114; MM2114L Family 
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General Description 
The MM2114 family of 1024-word by 4-bit static ran- 


dom access memories is 


silicon-gate technology. All internal circuits are fully 
static and therefore require no clocks or refreshing 
for operation. The data is read out nondestructively 


and has the same polarity 


input/output pins are provided. 


The separate chip select input (CS) allows easy memory 


National 
Semiconductor a 
M2114L Family ep ae 
024 x 4) Static RAMs 


Features | 


Static operation—no clocks or refreshing required 
Low power—225 mW typical , 

High speed—down to 200 ns access time 
TRI-STATE® output for bus interface 

Common Data In and Data Out pins 

Single 5V supply 

Standard 18-pin dual-in-line package 


fabricated using N-channel 


as the input data. Common 


expansion by OR-tying individual devices to a data bus. 


Connection Diagram __ . 


Logic Symbol 


Dual-In-Line Package 


Order Number MM2114J-25L, MM21 14J-25, 
MM2114J-2L, MM2114J-2, MM2114J, MM2114J-L, 
MM2114J-3L. or MM2114J3-3 ee 
See NS Package J18A 


Order Number MM2114N-2L, MM2114N-2, 
MM2114N, MM2114N-L, MM2114N-3L 
or MM2114N-3 _. 
See NS Package N18A 


TOP VIEW 


Truth Table 


Not Selected 

“Write 1 
Write 0 

Read 
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NMOS RAMs *| 


All inputs and outputs directly TTL compafible .°*° 


Functi 


Two pins _| 


details the 
and WE co: 


“READ-cyc! 
Time Wave 
any chang 
fetched an 
low, howe 
transfer th 


Address @ 
address ch 
assuming ( 
arrival. Ct 


Block 


Functional Description © .-.~ e ragsl! euleedté 
Two pins ¢ “control the. operation of the MM21 14. Chip required for CS to enable the output buffer and transfer ; 
Select (CS) enables write and read operations and previously fetched data to the output pin. “Operation et 
controls TRI-STATING of the data-output buffer. Write with CS continuously held low is permissible, 
Enable (WE) chooses between READ and WRITE modes a Raids 


and also controls output TRI-STATING. The truth table 
“details the states produced by combinations of the, cs WRITE-cycle timing is shown in hae section on Suitahiing . 


i Time Waveforms. Writing occurs only during the time» 
I gts 
and WE contro e rides = ~ . both CS and WE are ow. Minimum write pulse width, © 
twp. refers to this simultaneous low region. Data set-up ~~ : 


ny 
ot 


Ayes caan ‘VLIZWW 


3 . 


“READ cycle t timing is is shown in ‘the section on ‘Switching 


Time Waveforms. WE is kept high. independent of Cs, emer ore ee pic ay ened rgeiglar 
‘\any change mn address code causes* new data to be control first rises. Successive write operations may 


4 performed with CS continuously held low. WE then is 
pg brought to the output butter. CS must be used to terminate WRITE between address changes. 


“tat Whe dat 1 te output pin. *p be eholed end Alternatively, WE may be hetd fow for successive 
WRITES and CS used for WRITE interruption between ~ 


Address access time, ta, is the time required for an. address change. : eect 


address change to produce new data at the output pin, 
assuming CS has enabled the output buffer prior to data In any event, either WE or CS (or both) must be high 
arrival.~Chip Select-to-output delay, tc, is the time during address transitions to prevent erroneous WRITE. 
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Block Diagram ee ~ 
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Absolute Maximum Ratings Operating Conditions << ° 
‘: . ‘ eS Bre, MING MAX, UNITS 

, : -O.5V to +7V Supply Voltage (Voc) 7B B25. v- 
Vor Any P , *¢ 
qiirce bi : 68°C to et Ambient Temperature (Ta) Bye nt ~ PE 
Power Dissipation 300°C Be ee ee ' 
Lead Temperature (Soldering, 10 seconds) ehideta geri sth GET Team ee sti TAPS Ste tee 

a - : Oia Ge Meeps LA 
DC Electrical Characteristics ta =0°c t0+70°c, vcc= SV 25% is a 


o> ia eae : on 69a = MM2114 > MM2114L > ve 45 
be meRgee Come UTP Te fe EO 2 >.) MM2114-2 MM2196-2L 0 fT 
sigped peohre® nea ” CONDITIONS _ MM2114-25 | MM2114-25L UNITS 
fvwpot |" PARAMETER in Some MM2114-3 MM2124-3L 


= | Min | 


Logical ‘1 Output Voltage P tons toma, 
ee 
Forties | Warowsaw [oe 
{enero rane] Noman Savin P| 

| 
L Seal 


All Inputs © 5.25V, Ta = 25°C 
All tnputs « §.25V, Ta = 0°C 


amet MM2114-L Ging 


®YMBOL PARAMETER 


READ CYCLE 
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WRITE CYCLE : : 
wo [wie cvee tine | Er ae rs 
we | wateroiewam pe | = 
Rad ns 

ns 


jv. 
wn 
__*OH 
'wOT Write Enable to Output TRISTATE 
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MM2114 == =f 
MM2114-2.~ — -, 

mm2i1425 | 
MM2114.3 


MM2114-L 
MM2114-2L 
MM2114-25L 
MM2114-3L 


*vwsBor PARAMETER CONDITIONS 


SST A : 

Cin 
Se fone! ew ee eS | 
. f 


2: All input transitions < 10 ns. Timang referenced to ViL(MAX) OF Vir(Min) for inputs, 0.8V and 2V for output. For test purposes, input 


| Note 1: Typical values at Ta 25°C. 
Note 

tevels should swing between OV and 3V. 

, 


Outpet toad = 1 TTL gate and C; = 100 pF, 
Seote 3: This parameter is guaranteed by pernoche testing. 
18 
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decoupier every 16 
att depend on board 
sle Power supply 
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the line to the driver. 
pends on designer 
sistive or resistive- 
minator power dis- 
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HIGH SPEED 4096 x 1 BIT STATIC RAM 


Max. Access Time (ns) 
Max. Active Current (mA) 
Max. Standby Current (mA) 


= Pinout, Function, and Power Compatible ® Direct Performance Upgrade for 2147 
to Industry Standard 2147 


HMOS Il Technology = Automatic Power-Down 


Completely Static Memory — No Clock ™ High Density 18-Pin Package 


or Timing Strobe Required , . 
= Directly TTL Compatible — All Inputs 
Equal Access and Cycle Times and Output 


Single +5V Supply 


0.8 - 2.0V Output Timing 
Reference Levels @ Three-State Output 


The Intel€ 2147H is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS- 11, Intel’s next 
generation high-performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of- 
use features associated with non-clocked static memories and the reduced standby power dissipation associated with 
clocked static memories. To the user this means low standby power dissipation without the need for clocks, address setup 
and hold times, nor reduced data rates due to cycle times that are longer than access times. 


= Separate Data Input and Output 


CS controls the power-down feature. In less than a cycle time after GS goes high — deselecting the 2147H — the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 


This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de- 
selected. z 


The 2147H is placed in an 18-pin package configured with the industry standard 2147 pinout. It is directly TTL compatible in 


all respects: inputs, output, and a single +V supply. The data is read out nondestructively and has the same polarity as the 
input data. A data input and a separate three-state Output are used. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
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MEMORY ARRAY 


Dour 
PIN NAMES 


Ag-Aiy ADDRESS INPUTS | Vcc POWER (+5V) 
w WAITE ENABLE GNO GROUND 
cs CHIP SELECT 


. COLUMN 1/0 CIRCUITS 


NOT SELECTED | HIGHZ | STANDBY 
WRITE HIGHZ | ACTIVE 
READ Bout ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under BiasS............-..- - 10°C to 85°C 
Storage Temperature ..........00000- - 65°C to + 150°C 
Voltage on Any Pin With 

Respactto Ground ...........eeee eee eee -3.5Vto+7V 
POWERDISsipatiOn) b.scic5.05c. kets eeanesn sce tees 1.2W 
DG: Output Curent .iescucc5.ccenssesenmnecneen 20mA 


Nee ee EEE 
“COMMENT Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 7 


D.C. AND OPERATING CHARACTERISTICS '"! 


Ta = 0°C to 70°C, VCC = +5V + 10%, unless otherwise noted. 


2147H-1, 2,3 2147H-4 
Symbol Parameter Min. Typ. Max Min. Typ. Max. Test Conditions 


lo Output Leakage 0.1 50 uA 
Current 


CS=VIH. Voc=Max., 
VOUT=GND to 4.5V 


loc Operating Current 120 170 115 mA TA=25°C! Voc=Max., CS=ViL 
180 125 mA Outputs Open 
IsB Standby Current mA VCC=Min. to Max. 
CS=ViH 


Ipo "I Peak Power-On 35 70 
Current 


VIL Input Low Voltage -3.0 0.8 
Vind Input High Voltage 


VOH Output High Voltage 


los Output Short Circuit | -150 +150 
Current 


Notes 


mA Voc=GND to Voc Min., 
CS=Lower of Vcc or Vy}H Min. 


1IOH=-4.0mA 


~150 +150 mA VouT=GND to Vcc 


1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 


2. Typical limits are at VCC=5V. TA=+25°C, and specified loading. 


3. A pull-up resistor to VCC on the CS input is required to keep the device 


A.C. TEST CONDITIONS 


Input Pulse Levels GND to3,0Volts 
Input Rise and Fall Times 5nsec 
Input Timing Reference Levels 1.5Volts 
Output Timing Reference Level (2147H-1) 1.5Volts 
Output Timing Reference Levels (2147H-2, 3, 4) 0.8-2.0V 
Output Load SeeFigure1 


CAPACITANCE "! 
Ta=25°C, t=1.0MHz 


Output Capacitance 


deselected; otherwise, power-on current approaches ICC active. 


Note 4. This parameter Is sampled and not 100% tested. 


Figure 1. Output Load 
Voc 


Figure 2. Output Load for 147, tLz. twz: tow 
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A.C. CHARACTERISTICS 


TA = 0°C to 70°C, VCC = +5V+10%, unless otherwise noted. 


Symbol | Parameter Min. = Max. Conditions 
wa | Address Access Time Sd Sa 
tOH Output Hold from Address Change 5 


tpp Chip Deselection to Power Down Time 


WAVEFORMS 


READ CYCLE NO. 1/4°! 


tne 


ADDRESS 


laa 


Data OUT PREVIOUS DATA VALID 


DATA VALID 


READ CYCLE NO. 2/46! 


DATA OUT 


ATA VALI 
p aan IMPEDANCE 


1 
Vee icc 
SUPPLY sox 4 
CURRENT Is, 
Notes: 


1. All Read Cycle timings are referenced from the last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, tHZ max. is less than tLZ mi 


4. WE is high for Read Cycles. 

5. Device is continuously selected, CS = VIL. 

6. Addresses valid Prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 

8. Chip deselected for greater than 55 ns prior to selection. 

9. Chip deselected for a finite time that is less than 55ns 
occurs according to Read Cycle No. 1. Applies to 2147H-3 specification. 
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prhinte, stress 


Prior to selection. (If the deselect time is 0 ns, the chip is by definition selected and access 


+4 


A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


2147H-1 2147H-2 2147H-3, 4 si 
[witeGycieTime——=s=“‘*‘idSSCSC“‘icU SSC CY 
[Chip SelectiontoEnd of write | 35 || A 
[ Address Valid toEndofWrite ss |_ 35 | 45 


Test 
Conditions 


Faaress Soup Time | 8 
write Puse wah SSS 
[write Recovery Time ——Ss—=‘iCC* 
[Data Vaio End of wie | a0 
foataHolgtine ———SSSSCidC Od 

0 | 


Write Enabled to Output in High Z 
Output Active from End of Write 


WAVEFORMS 
WRITE CYCLE #1 
(WE CONTROLLED)!4) 


DATA UNDEFINED 


WRITE CYCLE #2 
(CS CONTROLLED) !4I 


ADORESS 


HIGH IMPEDANCE 


Data OuT DATA UNDEFINED 


Note: 
1. CS goes hiyn simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +500 mV from steady state voltage with specified loading in Figure 2. 
4. CS or WE must be high during address transitions. 


GN 


A DIVISION 


HARAIS 
SEMICONDUCTOR 


* HARRIS INTERTYPE CORPORATION 


FEATURES | 


HIGH SLEW RATE 

FAST SETTLING 

WIDE POWER BANDWIDTH 
HIGH GAIN BANOWIDTH 
HIGH INPUT IMPEDANCE 


60V/us 
250ns 
1,000 kHz 
12 MHz 
100m 2 
LOW OFFSET CURRENT 10nA 
TRUE OP AMP — CAN BE OPERATED 
NON-INVERTING OR INVERTING 
MEETS OR EXCEEDS MIL-STO-883 REQUIREMENTS 


GENERAL DESCRIPTION 


An operational amplifier with excellent O.C. characteristics, 
featuring high slew rate and fast settling time. Ideal for use in 
A/D, O/A and sampled data systems; and for use in wide band 
R.F. or video systems where wide bandwidth at high output 
levels is required. The HA-2510/12/15 is internally compensated. 


HA-2510/2512/2515 | 


High Slew Rate 
Operational Amplifiers 
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nN 
aléaos 
O17 TYPICAL 


BS 
\ SEATING PLANE 


NOTES | AN orem gocd pisieg KOVER 
2 AM eenemmons im nanan 


CODE 9V TO-86 


SEATING PLANE 


1 
0/0 Max ai be 


| ee . 
{ —_______ 


oo2 { 
ALL DIMENSIONS ARE IN INCHES. 


ALL DIMENSIONS + 010 UNLESS 
OTHERWISE SHOWN. 


TO-99 
Top View 


BANOWIOTH CONTAOL 


() 
OFFSET — 
\N > our 
. — = 
©) 
v 


NG 0 = ed tne 
® woconrrot 2 CD 
OFFSET acs 3 [_ 


IN 4 It OFFSET ADJ 
Ne 5 mw v- 
Va fj Gaal 9 CASE 


sc 6. kh Lt * KE 
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SPECIFICATIONS ; 
ABSOLUTE MAXIMUM RATINGS 


Voltage Between V* and V~ Terminals 40.0V Peak Output Current 50mA 


Differential Input Voltage Internal Power Dissipation 300mW 

Operating Temperature Range Storage Temperature Range ~65°C <Tp<+150°C 
HA-2510/HA-25 12 
HA-2515 


ELECTRICAL CHARACTERISTICS 
V+ =+15V D.C., V-= 15V D.C. 


HA-2510 HA-2512 HA-2515 
-55°C to +125°C -55°C to +125°C 0°C 10 +75°C 
LIMITS LIMIT LIMITS 
INPUT CHARACTERISTICS ‘ 
ee AG LER OIUS 5 
Offset Voltage mV 
Offset Voltage Average Drift v °C 
nA 
Bias Current nA 
nA 
Offset Current nA 
Input Resistance M 
& Common Mode Range V 
_ TRANSFER CHARACTERISTICS V 
IV 
Large Signa! Voltage Gain (Note 1) V/V 
Common Mode Rejection Ratio dB 
(Note 2) 
Gain Bandwidth Product (Note 3) ‘ies 
OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 1) V 
Output Current (Note 4) mA 
Full Power Bandwidth (Note 4) kHz 
TRANSIENT RESPONSE 
Rise Time (Notes 1, 5, 6 & 8) 25 50 25 25 50 ns 
Overshoot (Notes 1,5, 6 & 8) 25 40 25 25 50 % 
Slew Rate (Notes 1, 4,5 & 8) +65 +40 +60 +40 +60 Vius 
Settling Time (Notes 1,4, 5 & 8) 0.25 0.25 0.25 os 
POWER SUPPLY CHARACTERISTICS 
Supply Current +259¢ 4 6 4 6 4 6 mA 
Power Supply Rejection Ratio (Note 7} Full 80 90 74 90 74 90 dB 


NOTES: 1. Ry = 2KQ 4, Vo = +10.0V 7, Av = +5.0v 
2. Vom = +5.0V §. €j. = SOpF 8. See transient response test 
3. Ay > 10 6 Vo = +200mv circutts and waveforms page four 
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Normalized Parameters 


Normalized Parameters 


PERFORMANCE CURVES 
V+ = 15VDC, V- = 15VDC, Ta = 25°C UNLESS OTHERWISE STATED. 


Referred to Values at 


Referred to Values at 


Current- nA 


+259C 


+15V 


Gain - dB 


INPUT BIAS AND OFFSET CURRENT 
vs TEMPERATURE 


BIAS CURRENT 


Temperature °C 


NORMALIZED AC PARAMETERS 
vs TEMPERATURE 


SLEW RATE 


| 


Temperature °C 


NORMALIZED AC PARAMETERS 
vs SUPPLY VOLTAGE 


Supply Voltage 


OPEN LOOP VOLTAGE GAIN 
vs TEMPERATURE 


V SUPPLY - IS 


SS SS> 
VSUPPLY + ov | | | 


V SUPPLY. :10V 


ag 8 ab a ores “00 Ly - 100 178 


Temperature °C 


Open Loop 
Voltage Gain dB 


Open Loop 
Voltage Gain dB 


EQUIVALENT INPUT NOISE 
vs BANDWIDTH 


7 10K SOURCE RESISTANCE JH 
HK=—= OSOURCE RESISTANCE ? 
ae 


ee 


Equivalent Input 
Noise UV 


YOOH:z VkHz 1OnHe 100k Hz YMHz 


Lower 3dB Frequency — 10Hz 


OPEN LOOP FREQUENCY AND PHASE RESPONSE 


Phase Angle 


HT TTT TTT TING TT} 


10K 100K 1M 10M 100M 
Frequency Hz 


lel ll 
7 TICCOICL ISSN 


OPEN-LOOP FREQUENCY RESPONSE FOR VARIOUS 
VALUES OF CAPACITORS FROM BANDWIDTH 
CONTROL PIN TO GROUND 


SHINS 


Pel | | 
HPS SINUICC 
CCHIT PHS SHIN IT 


WwW 10K 100K 1M 10M 100M 
Frequency Hz 


NOTE: External compensation components are not required for 
stability, but may be added to reduce bandwidth if desired. 


OUTPUT VOLTAGE SWING 
vs FREQUENCY AT +25°C 


V SUPPLY © s20V are “ee 
V SUPPLY « + 15V ww 
V SUPPLY © + 10V itt 


Peak-to-Peak 
Voltage Swing 


Frequency Hz 
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PERFORMANCE CURVES (continued) 


POWER SUPPLY CURRENT VOLTAGE FOLLOWER PULSE RESPONSE 


vs 
TEMPERATURE 


Temperature °C 

Vertical = 5V/Div. 
Horizontal = 100n/Div. 
Tp = +25°C, Vo = +15.0V 


Ry = 2K 2, C) = S0pF 
Upper Trace: Input 
Lower Trace: Output 


SUGGESTED 
OFFSET ZERO 
ADJUST HOOK-UP 


SLEW RATE AND 
TRANSIENT RESPONSE 


TRANSIENT 
RESPONSE 


SLEW RATE AND 
SETTLING TIME 


Li- 


{ Listy RATES 


\ SETTLING TIME " 


{ 


ERROR BAND 
*10mV FROM 


TSLEW ‘ 
—4 RISE TIME 
to 


J 
i} 
| 
i} 
h FINAL VALUE 
i} 
' 
‘ 


toawar 


INPUT OFFSET VOLTAGE-—That voltage which 
must be appled between the input terminals 
through two equal resistances to force the Output 
voltage to zero. 


INPUT OFFSET CURRENT-—The difference in the 
currents into the two input terminals when the 
Output ts at zero voltage. 


INPUT BIAS CURRENT-—The average of the cur- 
rents flowing into the input terminals when the 
Output ts at zero voltage. 


INPUT COMMON MODE VOLTAGE-—The average 
referred to ground of the voltages at the two input 
terminals. 


COMMON MODE RANGE—The range of voltages 
which 1s exceeded at either input terminal will 
cause the amplifier to cease Operating. 


NOTE ME ASUBFO ON BOTH POST 


ANO NEGATIVE Teams) TIONS 


COMMON MODE REJECTION RATIO-The ratio 
of a specified range of input common mode voltage 
to the peak-to-peak change in input offset voltage 
Over this range. 


OUTPUT VOLTAGE SWING—The peak symmetri- 
cal Output voltage swing, referred to ground, that 
can be obtained without clipping. 


INPUT RESISTANCE~The ratio of the change in 
input voltage to the change in input current. 


OUTPUT RESISTANCE—The ratio of the change 
‘nN Output voltage to the change in output current. 


VOLTAGE GAIN-The ratio of the change in out- 
Pul voltage to the change in input voltage pro- 
Gucing tt. 


UNITY GAIN BANDWIDTH—The frequency at 
which the voltage gain of the amplifier ts unity. 


- omparator 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 

The Am25LS2521 is an 8-bit “equal to’’ comparator capable 
of comparing two 8-bit words for “equal to” with provision 
for expansion or external enabling. The matching of the two 
8-bit inputs plus a logic LOW on the EIN produces an active 
LOW on the output Egut- 


The tegie expression for the device can be expressed as: 


8-bit byte oriented equal comparator 

Cascadable using Ej 

High-speed, Low-Power Schottky technology 

tpd Ae B to Egut in ns 

Standard 20-pin package 

100% product assurance screening to MIL-STD-883 
requirements 


2 EXPIessiON. TO We AN eee ee eee 
Eout = (Ag © Bg) (A7©B1) (A2©B2) (A3@B3) (Aq @Baq) 
(As © Bs) (A7© B7) En. It is obvious that the expression is 
valid where Ag — A7 and Bg — B7 are expressed as either 
assertions or negations. This is also true for pair of terms i.e. 
Ag can be compared with Bg at the same time Aj is compared 
with By. It is only essential that the polarity of the paired 
terms be maintained. 


LOGIC DIAGRAM 


» CONNECTION DIAGRAM LOGIC SYMBOL 


ST ee ee | 302 


Veo Eout 87 Ay Be As 85 An Ba Ay 


Bz Az 8; Ay Bo Ao 


87 Ay Be Ag 85 As Be Aa 83 Aa 


Ew Ao 85 Ar 8: Az Bz A3 83 GNO | 
” 

Vcc = Pin 20 

Note: Pin 1 is marked for orientation GND = Pin 10 
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Am25LS2521 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L Tag =0°C to +70°C Veo" 5.0V 45% MIN. =4.75V MAX. =5.25V 

MIL Ta = -85°Ct0+125°C |= Vege = 5.0V 410% MIN. =4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Tip: 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Unix, 


Vec = MIN. MIL 
Output HIGH Voltage sas Vis ory, (OH = ~440H8 pom | 
IN = Vin or VIL COM'L 27 


t =4.0mA 
veouin: 
Vin = Vinnor Vip { fou = 8-0mA 

lot = 12mA 


Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Input LOW Level Guaranteed input 1ogical LOW MIL a 
voltage for all inputs COM'L —— 
Input Clamp Voltage Voc = MIN., bin = —18MA a 
— a 
Input HIGH Current Vcc = MAX., Vin = 2.7V et 
Input HIGH Current Vec = MAX., Vin = 7.0V re. 


Output Short Circuit Current 


| 
(Note 3) 


Power Supply Current 
(Note 4) 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical timits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. E = GND, all other inputs and outputs open. 


Output LOW Voltage 


B Ef 
o 
r 


= 
“I 


ViL 
Nie 


Vec = MAX., Vin = 0.4V 


g 


27 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150 € | 
Temperature (Ambient) Under Bias 55°C to +1280 
Supply Voltage to Ground Potential Continuous —0.5V to +7.08 | 
DC Voltage Applied to Outputs for High Output State —0.5V to+Vcc max) 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, into Outputs 0 "4 
DC Input Current —30mA to +5.0m%_ | 
sal 

a 

ri 

et 

=| 


h 
- 
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SWITCHING 
(Ta = +25°C, Vg 


Parameters 


Pf FP es 


f 


2 
2 - 

< 

o 

|| 


rl 
> 


o 


able device type. 


—65 C to +150 C 
55°C to +125°C 
—0.5V to +7.0V 
—0.5V to +Vcc max. 
—0.5V to +7.0V 
30mA 

—30mA to +5.0mA 


Am25LS2521 


SWITCHING CHARACTERISTICS 
(Ta = 425°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


A, or B; to Equal 


E to Equal 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE * 


Ta = 0°C to +70°C 
Voc = 5.0V +5% 
Min. Max. 


Ta = —55°C to +125°C 
Voc = 5.0V +10% 
Min. Max. 


Parameters Description Units Test Conditions 


A; or B; to 
Equal Output 


E to Equal Output 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


DEFINITION OF FUNCTIONAL TERMS Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 


Ay — Ainputt t 
ed te apr aC aan CURRENT INTERFACE CONDITIONS 


Ew Enable active LOW 
Eour EQUAL output active LOW 


Metallization and Pad Layout 


DRIVING OUTPUT DRIVEN INPUT 


DIE SIZE 0.063” x 0.074" Note: Actual current flow direction shown. 
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DISTINCTIVE CHARACTERISTICS 


Seas 


Input voltage range of 15V (differential or common mode) 
on Am26LS33; 7V (differential or common mode) on 
Am26LS32 

+0.2V sensitivity over the input voltage range on Am26LS32; 
t0.5V sensitivity on Am26LS33 

The Am26LS32 meets all the requirements of RS-422 and 
RS-423 

6k minimum input impedance 

30mvV input hysteresis 

Operation from single +5V supply 

16-pin hermetic and molded DIP package 

Fail safe input-output relationship. Output always high 
when inputs are open. 

Three-state drive, with choice of complementary output 
enables, for receiving directly onto a data bus. 

Propagation delay 17ns typical 

Available in military and commercial temperature range 
Advanced low-power Schottky processing 

100% reliability assurance testing in compliance with 
MIL-STD-883 


Am26LS$33 


Quad Differential Line Receivers 


cot ae gs 


(i 


FUNCTIONAL DESCRIPTION 

The Am26LS32 is a quad line receiver designed to meet the. 
requirements of RS-422 and RS-423, and Federal Standany 
1020 and 1030 for balanced and unbalanced digital dat 
transmission. 

The Am26LS32 features an input sensitivity of 200MV over 
the input voltage range’ of +7V. s 


The Am26LS33 features an input sensitivity of 500MV ove, 
the input voltage range of +15V. 3 
The Am26LS32 and Am26LS33 provide an enable and disable 
function common to all four receivers. Both parts feature 3. 
state outputs with 8mA sink capability and incorporate a fail 
safe input-output relationship which keeps the outputs high 
when the inputs are open. 

The Am26LS32 and Am26LS33 are constructed using Ad. 
vanced Low-Power Schottky processing. 


LOGIC DIAGRAM 


ENABLE ENABLE 


INp2 Noy 


L] 


vo 
OUTPUT D 


ORDERING INFORMATION 


Nc? 


Package 
Type 


1 Hermetic DIP 


Flat Pak 
Dice 


Hermetic DIP 
Molded DIP 


Dice 


Temperature 
Range 


--55°C to +125°C 


-55°C to +125°C 
~55°C to +125°C 
0°C 10 +70°C 
0°C to +70°C 
0°C 10 +70°C 


Am26LS32 


Order 
Number 


Am26LS33 


Order 
Number 


AM26LS32DM 
AM26LS32FM 
AM26LS32XM 
AM26LS32DC 
AM26LS32PC 

AM26LS32XC 


AM26LS33DM 
AM26LS33FM 
AM26LS33XM 
AM26LS33DC 
AM26LS33PC 

AM26LS33XC 


OUTPUT C 


4-18 


INcy 


8 
OUTPUT A 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 


Ker! 


ae 
ELECTRI! 


qe followit 
.S32x! 
pm26LS32X¢ 


4 ROM OUTPUT 
UNDER TEST" 


C, INCLUDE 
PROBE AND Jt 
CAPACITANC 


Am26LS32 e Am26LS33 
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 


supply Voltage _7.0V 
common Mode Range +25V 
pifferential Input Voltage +25V 
enable Voltage 7.0V 
Output Sink Current 50mA 
storage Temperature Range ~65°C to +165°C 


ELECTRICAL CHARACTERISTICS Over the operating temperature range 
The following conditions apply unless otherwise specified: 


am26LS32XM, Am26LS33XM (MIL) Ta = 55°C 104+128°C = Vee = 5.0V * 10% 
am26LS32XC, AM26LS33XC (COM’L) = Ta = 0°C to +70°C Voo™ 5.0V + 5% 


meet the 
standards 


Description Test Conditions Min. (Nets Mex. Unit: 


Am26LS32,~7V <Vem<+7V | 0.2 | 

VouT = Vor or Vou 
Am26LS33, -18V<Vom<+15V | 05 | 
—15V < Voy <+15V (One input AC ground) | 6.0K | 


parameters 


Differential Input Voltage 


pd disable input Current (Under Test) Vin = +15V, Other Input —15V < Viy < +15V 
Lona Input Current (Under Test) Vin = —15V, Other Input -15V < Vix < +15V 
e a Tal 


outs high 


Q 
a 


Voc = Min., AVin =+1.0V_- 2.7 
Output HIGH Voitage ce nN ° | 27 | 

Voc = Min., AVin = -1.0V loL = 4.0mA = 
Output LOW Voltage 

VENABLE ~ 0.8V lot = 8.0mA Py 


Enable Clamp Voltage Vcc = Min., jy = —18MA | 


[ Eebie OW Curent | Visa 
[Erste wigHourent | Vw227y 
Vo = OV, Voc = Max., AVin = +1.0V | -15 | 
Vcc = Max., All Vix = GND, Outputs Disabled [7 
Ta = 25°C, Voc = 5.0V,C,_ = SpF, see test cond. below 
Ta = 25°C. Voc = 5.0V, CL. = SpF, see test cond. below’ || 
Ta = 25°C. Vcc = 5.0V,C, = 15pF, see test cond.beiow | | 
Ta = 25°C, Voc = 5.0V, CL = 15pF, see test cond. below f | 


; sing Ad- | 


< 
= 
a 


< 
= 
a 


< 
e 
8 


ale 


2 
< 
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LOAD TEST CIRCUIT PROPAGATION DELAY ENABLE AND DISABLE TIMES 
FOR THREE-STATE OUTPUTS (Notes 1 and 3) (Notes 2 and 3) 


OUTPUT 
NORMALLY 
HIGH 


Notes: 
1. Diagram shown for Enable LOW. 
2. S1 and S2 of Load Circuit ere closed except 
where shown. 
~ 3. Pulse Generator for All Pulses: Rate < 1.0MHz: 
Zo = 502; ty © 15s; te < 6.Ons. 


rg. a — 


HN462716, HN462716G 


2048-wordX<8-bit UV Erasable and Electrically Programmable Only Memory 


The HN462716 is a 2048 word by 8 bit erasable and electrically programmable ROMs. This 
device is packaged in a 24-pin, dual-in-line package with transparent lid. The transparent lid 
allows the user to expose the chip to ultraviolet light to erase the bit pattern, whereby anew 
Pattern can then be written into the device. 


HN462716 

e Single Power Supply ....... +5V +8%) 
e Simple Programming ........ Program Voltage: +25V DC 

Programs with One 50ms Pulse 
@ Static’ oes cs Ae eee No Clocks Required 
@ Inputs and Outputs TTL Compatible During Both Read and Program Modes 
@ Fully Decoded-on Chip Address Decode 
@ Access Time .........000- 450ns Max. 
@ Low Power Dissipation ...... 555mW Max. Active Power 

213mW Max. Standby Power 
@ Three State Output ........ OR- Tie Capability 


e@ Interchangeable with Intel 2716 


(DC-24C) 


HN462716G 


= BLOCK DIAGRAM 


Y 
DECODER ie | 


(DG-24B) 


= PIN ARRANGEMENT 


7 
o-—. x 16384 bit 
oo DECODER 
EPROM MATRIX Vee 
° As 
: As 
i 
| Vpp 
Ato 
PD/PGM 


= PROGRAMMING OPERATION 


Pins CE OE Veep Vee Out 
puts 
Mad on a oe 


| GN Os 
(Top View) 


Read Vi Vin +5 +5 Dout 
» Deselect Don’t Care Vin +5 +5 High Z 
© Power Down Vie Don’t Care +5 +5 High Z 
Program Pulsed Viz to Vin Vin +25 +5 Din 
Program Verify Vi Vie | +25 +5 Dout , 
Program [nhibit Vin Vin +25 +5 ~ High _ 
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HN462716, HN462716G— ~-- — — os _— deca : 


= ABSOLUTE MAXIMUM RATINGS 


0 to +70 
—65 to +125 
—0.3 to +7 
—0.3 to +28 


€ Operating Temperature Range 
Storage Temperature Range 


All inpet and Output Voltages* 


Ver Supply Voltage® 


with resecct to Ground 


= READ OPERATION 


- _@ DC AND OPERATING CHARACTERISTICS (Ta=0 to +70C, Vec=5V+5%, Ver=Vect0.6V) 
Tu Vin=5.25V 

Vour= 5.25V/0.4V 
Vep=5.85V 
CE=Vin, OE=Vi 
OE=CE=Vi 


Input Leakege Curreut 


Output Leakage Current 


Ver Current 
Vee Current (Standby) 


Vec Current (Active) 


{Input LowVoltage 
Input High Voltage 


Output Low Voltage To. =2.imA 


Output High Voltage 


Note: Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 


* ACCHARACTERISTICS (Ta=0 to +70C, Vec=5V45%, Vpe=Vect0.6V) 


Parameter 
Address to Output Delay 
CE to Output Delay 
OE to Output. Delay 
OE High to Output Float 
Address to Output Hold 


© CAPACITANCE (Ta=25°, .f=1MHz) 


Ch Vin OV fee 
Coe Vour =0V = 


~ 


Input Capacitance 


Output Capacitance 
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HN462716, HN462716G 
© SWITCHING CHARACTERISTICS 


Test Conditions 
Input Pulse Levels: 0.8V to 2.2V 
Input Rise and Fall Times: S20ns 
Output Load: 1TTL Gate + 100 pF 
Reference Level for Measuring Timing: 7 ee 
Inputs 1V and 2V — ee eae 
Outputs 0.8V and 2V 


READ MODE (CE = Vi) 


Address 


Data Out 


STANDBY MODE (OE = Vi.) 


Address Address N 


CE Standby Mode \ Standby Mode 


'DF 


Data Out Valid 
for Address N 
+m 


Data Out ee 


@ TYPICAL CHARACTERISTICS 


TCC (mA) 
tACC (ns) ° 


tACC (ns) 
zz 
Ss 


0 20 40 60 80 


Temperature (°C) Capacitance (pF) Temperature °C) 
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HN462716, HN462716G mete _ = = 


© D.C. PROGRAMIViiING CHARACTERISTICS (Ta=25C +5, Vec=5V+5%, Ver=25V+1V) 


Parameter 


Input Leakage Current 


© Vere Supply Current I pp. 


Veco=5.25V/0.4V 
CE=Vu 


Vep Supply Current During Programming | I pp2 an an Ens mA = 
Vcc Supply Current i Tee aa a | 100 : mA 
Input Low Level j Vir —0.1 a | 0.8 V 


Input High Level 


© A.C. PROGRAMMING CHARACTERISTICS (7T¢=25T+5U, Vec=5V+5%, Ver=25V+1V) 


Parameter 


Address Setup Time = 
si OE Setup Time _t 
| 


Data Setup Time 
Address Hold Time 
OE Hold Time 


OE to Output Delay 


Program Pulse Width 


Program Pulse Rise Time 


Program Pulse Fall Time 


c 
Data Hold Time toi 
OE to Output Float Delay tor CE=Vir 


Note: Vee must be applied simuitaneously or before Vpp and removed simultaneously or after Vpp- 


€ © SWITCHING CHARACTERISTICS 


Test Conditions Output Load: 1 TTL Gate + 100 pF 
Input Pulse Level: 0.8V to 2.2V Reference Level for Measuring Timing: 
input Rise and Fall Times: S 20 ns Inputs; 1V and 2V, Outputs; 0.8V and 2V 


@ PROGRAMMING WAVEFORMS 
PROGRAM 


PROGRAM VERIFY 


Address Address N 


Data In Stable 
(Address N) 


Address N+m 


Data Out Data Out 
io 


Valid 
(Address N) 


€ 'PRT 'PFT 
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@ ERASE 


Erasure of HN462716 is performed by exposure to ultraviolet li 


changed to “1” after this erasure procedure. 


ght with a wavelength of 25374, and all the output data are 


The minimum integrated close (i.e., UV intensity x exposure time) for erasure is 15W - sec/cm?, 


= DEVICE OPERATION 


~ 


@ READ MODE 
Dataout is available 450 ns (tacc) from addresses with OE 
low or 120 ns (tog) from OE with addresses stable. 


@ DESELECT MODE 

The outputs may be OR-tied together with the other HN- 
462716s. When HN462716s ar¢ ‘deselected, the OE inputs 
must be at high TTL level. 


@ POWER DOWN MODE 
Power down is achieved with CE high TTL level. In this 
mode the outputs are in a high impedance state. 


@ PROGRAMMING 

Initially, and after each erasure, all bits of the HN462716 
are in the “high” state (Output High). Data is introduced 
by selectively programming “‘low’’ into the desired bit loca- 
tions. In the programming mode, Vpp power supply is at 
25V and OE input is at high TTL level. Data to be pro- 
grammed are presented 8-bits in parallel, to the data output 
lines (O01 to 08). 


© HITACHI 


The addresses and inputs are at TTL levels. 

After the address and data setup, a 50 ms, active high pro- 
gram pulse is applied to the GE input. The CE is at TTL 
level, 

The HN462716 must not be programmed with a DC signal 
applied to the CE input. 


® PROGRAM VERIFY 
The HN462716 has a program verify mode. A verify should 
be performed on the Programmed bits to determine that 


they were correctly programmed. In this mode Vpp is at 
25V. 


® PROGRAM INHIBIT 

Programming of multiple HN462716s in parallel with dif- 
ferent data is easily accomplished by using this mode, Ex- 
cept for CE, all like inputs of the parallel HN462716s may 
be common, 

A TTL program pulse applied to 0 HN462716's CE input 
will program that HN462716. A tow level CE inhibits the 
other HN4627 16s from being Programmed. 
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HN462716, HN462716G 


f 
DUAL 3-INPUT 3-OUTPUT MTTL Ill MC3000 series MOTOROLA { AA 
“NAND” SERIES TERMINATED 


LINE DRIVER 
JUNE 1968 


This device is a dual 3-input/3-output series-terminated 
NAND line driver that minimizes switching transients on long 
lines by approximating line impedance. Two outputs are pro- 
vided through 75-ohm resistors for use when driving 93 to 
120-ohm lines. These outputs should be paralleled when driv- 
ing 50 to 93-ohm lines. In addition, an output is provided 
directly at the gate output node for driving adjacent gates. 


1/2 OF CIRCUIT SHOWN 


5 
e4 
2 6 
3 

4 

9 
11 
12 8 
13 

10 


Positive Logic: 4,5,6=1+*2¢3 
Negative Logic: 4,5,6=1+2+3 
Input Loading Factor = 1 


Output Loading Factor, Direct Output (Pins 6 and 8) = 
10 Minus The Number of Resistor-Terminated Outputs 
Being Used. 

Output Loading Factor, Resistors (Pins 4, 5, 9 and 10) = 1 


Total Power Dissipation = 44 mW typ/pkg 
Propagation Delay Time = 6.0 ns typ 


SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


VIHX = 


+2.5 Vdc | 
2 


Coax* 


tr uy 
§.5+ 0.5 ns 5.5+ 0.5 ns 


950 + 1.0% t 
3.5 “ | TP; 
ov G 
> 50 > tog’”"1” 
PRF = 1.0 MHz typ j ler 1/4 MC3000 
PW = 100 ns \ 
TPout \, 


t=5.5205ns L 7 ae 
t% =5.5+ 0.5 ns 


GND 


ND 
*The coax delays from input to scope and output to scope 

must be matched. The scope must be terminated in 50-ohm 

impedance. The 950-ohm resistor and the scope termination 

impedance constitute a 20:1 attenuator probe. Coax shall 

be CT-070-50 or equivalent. 


Cy = 25 pF = total parasitic capacitance, which includes 
probe, wiring, and load capacitances. 


MTTL tll Sheet 4.2 


MC3029 


TEST CURRENT/ VOLTAGE VALUES 


g Bag EEE 
5 
a 


at. 


under te 


a tn gates not 


MC3029 Test Limits 


ts. 


ining inpu 


"Since this ie an inverting gate, power drain is minimized by grounding the input 


= = 
# a arom 
: é z| ma 
6 6 31 3 a ee 
z £ ae Sele ws oie 
Od 3 [2 lee cils eget 
BE 5 é 16 goje sal2 


ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
in the same manner. Further, test proce- 


cures are shown for only one input of the 
line driver under test. To complete testing 


sequence through rema 
_ 
MA 4 
- 


line driver. The other line driver is tested 


MOTOROLA Semiconductor Products Inc. 


BOX 20912 ¢ PHOENIX, ARIZONA 85036 6 A SUBSIDIARY OF MOTOROLA INC. 
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INCA 


Solid State 
Division 


The CA3045 and CA3046 each consist of five general 
purpose silicon n-p-n transistors on a common mono- 
lithic substrate. Two of the transistors are internally 
connected to form a differentially-connected pair. 


The transistors of the CA3045 and CA3046 are well 
suited to a wide variety of applications in low power 
systems in the DC through VHF range. They may be 
used as discrete transistors in conventional circuits 
however, in addition, they provide the very significant 
inherent integrated circuit advantages of close elec- 
trical and thermal matching. 


The CA3045 is supplied in an hermetic 14-lead Dual-In- 
Line ceramic package rated for operation over the full 
military temperature range. 


The CA3046 is electrically identical to the CA3045 but 
is supplied in a dual-in-line plastic package for appli- 
cations requiring only a limited temperature range. 


APPLICATIONS 


@ General use in oll types of signa! processing systems 
operating onywhere in the frequency ronge from 


DC to VHF 


cC e Custom designed differential amplifiers 
i 

| 

' 


@ Tempercture compensated amplifiers 


@ See RCA Application Note, ICAN-5296 ‘‘Application 
of the RCA-CA3018 Integrated-Circuit Transistor 
Array” for suggested applications. 


‘ 4 8 u 14 
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g 
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Fig.} - Schematic diagram. 


Linear Integrated Circuits 
CA3045 


a 


General-Purpose Transistor Arrays 


Monolithic Silicon 


CA3045 CA3046 


THREE ISOLATED TRANSISTORS 
AND ONE DIFFERENTIALLY-CONNECTED 
TRANSISTOR PAIR 


For Low-Power Applications at Frequencies 
from DC through the VHF Range 


FEATURES 


@ Two matched pairs of transistors 
Vee motched 15 mV 


Input offset current 2A mox.atl¢ = 1 mA 
e 5 general purpose monolithic transistors 
@ Operation from DC to 120 MHz 
@ Wide operating current ronge 
@ Low noise figure -- 3.2 dB typ. at 1 kHz 


@ Full military temperature range for CA3045 
-55 to +125°C 
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Power Dis: 
At Ta bd 
At Ty * 
AtT, © 
At Ta a) 
AtT, > 
Collector-t 
Collector-t: 
Collector-t 
Emitter-to-; 
Collector C 
Temperatur 
Operatir 
Storage . 
* The colle: 


CA3046 is 
diode. - Th 


ELECTRICAL ¢ 


Characteristics 


STATIC CHARACTI 
Collector-to-Base B. 
Collectot-to-Emitter 


Coltector-to-Substral 
Emitter-to-Base Bre: 
Coliector-Cutoff Cur 
Collector-Cutoff Cur. 


Static Forward Cure 
(Static Beta) 


Input Offset Current 
Q and Op. Iho, - 


Base-to-Emitter Volt 


Magnitude of Input 0 
ential Pair VBE, 


Magnitude of Input 
lated Transistors 


IVgeq: Vers! 
Temperature Coeftici 
Base-to-Emitter Volti 
Collector-to-Emitter { 


Temperature Coefficii 
Magnitude of Input-{ 


ABSOLUTE MAXIMUM RATINGS AT Tg = 25°C: 


Power Dissipation: 
At Ta = 25°C 
At Ty = 25°C to 55°C 
At T, > 
At Ta = 
At T, > 75°C 


Collector-to-Emitter Voltage, Vero - - 
Collector-to-Base Voltage, Veogpo:--> 
Collector-to-Substrate Voltage, Veio*: 


Emitter-to-Base Voltage, VEBO 
Collector Current, Ic 
Temperature Range: 

Operating 

Storage 


*The collector of each transistor of the CA3045 and 
CA3046 is isolated from the substrate by an integral 
diode. The substrate (termina! 13) must be connected 


CA3045 


Each Total 
Transistor Package 


Derate at 8 
15 
20 
20 
5 
50 


-55 to +125 
-65 to +150 


ELECTRICAL CHARACTERISTICS, at Ty = 25°C 
Choracteristics apply for each transistor in the CA3045 and CA3046 as specified. 


CHARACTERISTICS 


STATIC CHARACTERISTICS 


Stalic Forward Current-Transfer Ratio 
(Static Beta) 


(nput Offset Current for Matched Pair 
Q and 02. Ilig, - toy! 


Base-to-Emitter Voltage 


Magnitude of Input Offset Voltage for Differ- 
ential Pair Vee, - Vee, | 


Magnitude of Input Offset Voltage for Iso- 
lated Transistors \VBe3 - Veggl. 


IVeeq- ees !. IVBES - VBE3| 
Temperature Coefficient of 
Base-to-Emitter Voltage 


Temperature Coefficient: 
Magnitude of Input-Offset Voltage 


SPECIAL TEST CONDITIONS 


Min © 10 uA, Ip = 0 
ig = 1 mA, Ip = 0 


Io =1mA 
Ie = 10 pA 


le =1mA 
Ie = 10 mA 


Voge = 3V. Io = 1 mA 


CA3046 
Eoch Total 
Transistor Package 
300 750 


300 750 
Derate at 6.67 


Oto +85 * 
-25 to +85 


fo the most negative point in the external circuit to 
maintain isolation between transistors and to provide 
for normal! transistor action. 


es CHARAC- 
Type CA3045 units | TERISTIC 
Type CA3046 CURVES 


TYP. MAX. 


an 
Eo 


| See curve | 
100 
100 
54 


Boar 
en | 


3 3 
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ELECTRICAL CHARACTERISTICS (Cont’d.) 


DYNAMIC CHARACTERISTICS 


Low-Frequency Noise Figure 


NF f= 1 kHz, Veg =3V, 1 =100 uA 
Source Resistance = 1 


Low-Frequency, Smatl-Signal 
Equivalent-Circuit Characteristics: 


Forward Current-Transfer Ratio 
Short-Circuit input Impedance 
Open-Circuit Output Impedance 


Open-Circuit Reverse 
Vottage-Transfer Ratio 


Admittance Characteristics: 
Forward Transfer Admittance 
Input Admittance 
Output Admittance 
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3 
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| Reverse Transfer Admittance = ae | : 
i™ Gain-Bandwidth Product a Ee ea 7 
a roti 


B=) 
nm 


ie 
' T 
Collector-to-Base Capacitance Vop =3V, Ig = 0 
Collector-to-Substrate Capacitance Vos =3V, Io = 0 


oa] 
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BASE -TO-EMITTER VOLTS (Vag) 


STATIC CHARACTERISTICS 


SO A a 
a eee ee 


EMITTER CURRENT (1p +0 1058 BASE CURRENT (1p )+0) 


Fig.6- Ty 
istic ane 
poire 


COLLECTOR CUTOFF CURRENT (I¢jro)—nA 


COLLECTOR CUTOFF CURRENT (Icgo)—nA 


{ - 
{ 5S 
i £ 
| g 
a 
=) 
3 
- 
¥ 
\ - 
| $ 
A 
AMBIENT TEMPERATURE (Ta)—°C AMBIENT TEMPERATURE (Ta)—°C 
. 92CS-15195 92CS~ 15194 
14 Fig.2 - Typical collector-to-base cutoff current vs Fig.3 - Typical collector-to-emitter cutoff current vs 


ambient temperature for each transistor. ambient temperature for each transistor. 
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Solid State 
Division 


The CA3026 and CA3054 each consists of two independent 
differential amplifiers with associated constant-current 
transistors on a common monolithic substrate. The six 
n-p-n transistors which comprise the amplifiers are 
general purpose devices which exhibit low } f noise and 
a value of fp in excess of 300 MHz. These features 
make the CA3026 and C3054 useful from de to 120 MHz. 
Bias and load resistors have been omitted to provide 
maximum application flexibility. : 

The monolithic construction of the CA3026 and CA3054 
provides close ‘electrical and thermal matching of the 
amplifiers. This feature makes these devices particularly 
useful in dual channel applications where matched per- 
formance of the two channels is required. 

The CA3026 is supplied in a hermetic 12-lead TO-5 
style package and is rated for full military operating- 
temperature range of -55°C to +125°C. 

The CA3054 is supplied in a 14-lead plastic Dual-in-line 
package with a limited temperature range. The availa- 
bility of extra terminals allows the introduction of an 
independent substrate connection for maximum flexibility. 


APPLICATIONS 
e Duol sense amplifiers 
e@ Dual Schmitt triggers 


o Multifunction combinations -- RF Mixer Oscillator; 


Converter IF 
o IF omplifiers (differential and or cascode) 
e@ Product detectors 
e Doubly balanced modulotors and demodulators 
e Balonced quodrature detectors 
e Cascade limiters 
@ Synchronous detectors 
e Poirs of balonced mixers 
@ Synthesizer mixers 


e Balanced (push-pull) cascode amplifiers 


SUBSTRATE 
a7CS 205 AND CASE 


Fig.1a - Schematic Diagram for CA3026. 


CAUTION: Substrate MUST be maintained negative with 
respect to all collector terminals of this device. See 
Maximum Voltage Ratings chart. 


Linear Integrated Circuits 
CA3026 


Transistor Array 


Monolithic Silicon 


DUAL INDEPENDENT 
DIFFERENTIAL AMPLIFIERS 


For Low-Power Applications 
at Frequencies from DC 
to 120 MHz 


CA3026 
a 
i aca, 


may 


| 


12-Leod TO-5 


14-Lead 
Dval-In-Line 
Plastic Package 


FEATURES 

e Two differential amplifiers on a common substrate 
e Independently occessible inputs and outputs 

e@ Maximum input offset voltage -- +5 mV 


e Full military temperature range capability -- -55°C to 
+125°C 


® Limited temperature range -- 0°C to 85°C for CA3054 


j | 
_ “a 
he? } 


Ca 
ica a 9208 15720 
SUBSTAATE 


Fig.1b - Schematic Diagram for CA3054. 
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MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, AT Ty = 25°C 


Power Dissipation, P: CA3026 CA3054 
Any one transistor ..... 300° se:er0 300 mW 
Total package ......., 600 .... 750 mW 
For Ta > 55°C.... Derateat5.... 6.67  mW/°C 
Temperature Range: 
Operating ........ 55 to + 125 .. . -40to +85 "Cc 
Storage ......... €5 to + 150... -65 to +150 % 


* The collector of each transistor of the CA3026 and CA3054 is 
isolated from the substrate by an integral diode. The substrate must 
be connected to a voltage which is more negative than any collector 
voltage in order to maintain isolation between transistors and provide 


Maximum Voltage Ratings 


The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage, V 


eatdecaag 2S 
CEO ¥ ' 
Collector-to-Base Voltage, Vospo: Sok ahora amare 20 Vv § 
Collector-to-Substrate Voltage, Volo" So erence 20 Vv 
Emitter-to-Base Voltege, VeRO: wransrinvevapansuets 5 v 
Collector Current, In Bia isisgs-abs aXe 1% agen a eyes 50 mA 


for normal transistor action, The substrate should be maintained at 
signal (AC) ground by means of a suitable grounding capac itor, to avoid 
undesired coupling between transistors. 


The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 1t and horizontal terminal 31 is +15 to 5‘ 


volts. 


+ For CA3026; corresponding terminals for CA3054 are vertical 


terminal 2 and horizontal terminal 4. 


CA3054 
TERMINAL No. 


CA3026——- 
TERMINAL 
No. 


* Voltages are not normally applied between these terminals. 
sill be safe if, 


Voltages appearing between these terminals 
the specified limits between all other terminals are not 
exceeded. 


Note 3: In the CA3026 Lerminal No.9 is connected to the emitter 
of Qq4, the reference substrate, and the case,;therefore,the case 
should not be grounded. Two termina) 9 columns (CA3026) 
appear in the voltage rating chart because it is a composite 
chart for both the CA3026 and the CA3054. Wherever an asterisk 
is ehown in one column 9 and a rating is shown in the other 
column 9, the asterisk should be ignored. 


Maximum 
Current Ratings 


Ref ? 
Sub- : 
Strate 


® Terminal No.10 of CA3054 is not used 
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ELECTRICAL CHARACTERISTICS at T, = 25°C 


CA3026 TYPICAL 
CA3054 CHARAC- 


CHARACTERISTICS 
LIMITS TERISTICS 


STATIC CHARACTERISTICS 
For Each Differential Amplifier 
Input Offset Voltage 
Input Offset Current 


Input Bias Current 


Quiescent Operating 
Current Ratio 


Temperature Coefficient 
Magnitude of Input-Offset Voltage 
For Each Transistor 


DC Forward Base-to- 
Emitter Voltage 


Ly 


Temperature Coefficient of Base- 
to-Emitter Voltage 


Collector-Cutoff Current 


Collector-to- Emitter 
Breakdown Voltage 


‘s 
< 
= 
So 
QO 
> 


Collector-to- Base 
Breakdown Voltage 


Collector-to-Substrate 
Breakdown Voltage 


AGC Range, One Stage 
Voltage Gain, Single Stage 
Double-Ended Output 
AGC Range, Two Stage 
Voltage Gain, Two Stage 
Double-Ended Output 


Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 
(For Single Transistor) 


Forward Current-Transfer Ratio 
Short-Circuit Input Impedance 
Open-Circuit Output Impedance ; f= 1 KHZ, Voge = 3V, 


Open-Circuit Reverse Voltage- Ic = 1 mA 
Transfer Ratio 


Bd 
315 
°o 


TYPICAL 
CHARAC- 
TERISTICS 
CURVES 


FIG. 


v/°C 


t 5 
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EE 

oO 


BLT [Fl ePly 


DYNAMIC CHARACTERISTICS CONT'D. 


1/f Noise Figure f=1kH2, Veg =3V 


(For Single Transistor) 


Gain-Bandwidth Product f nea Viana 
(For Single Transistor) CE "C 


Admittance Characteristics; 
Differential Circuit Configuration: 
(For Each Amplifier) 


| 


Each Collector 
Ic % 1.25 mA 
f = 1 MHz 


Admittance Characteristics; 
Cascode Circuit Configuration: 


(For Each Amplifier) L 
a pd ee 
| yn _| lo 25 mA Pf fossa P= [nto [Te 
= 1 MHZ } ovi0.02 f= | mmo [Tae 


o 
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TYPICAL STATIC CHARACTERISTICS 


aa a aa 
| 


COLLECTOR-TO-BASE VOLTS (Vcg)*3. —]——] |] a 
AMBIENT TEMPERATURE (Ta)= 25°C Fe 
50 an 
a 
LH 


INPUT BIAS MICROAMPERES {Iy) 


. 
| AMBIENT TEMPERATURE (Ts }—#*C a 6 6 
1 


$2C$~-18195 o : : 
COLLECTOR MILLIAMPERES (I¢) 


f * For CA3054: use data from 0°C to 85°C only 


92CS-15S258R) 


Fig.2 - Collector-to-base cutoffcurrent vs ambient temper- Fig.3 


+ Input bias current characteristic vs collector 
ature for each transistor. 


current for each transistor. 
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VV National 
4A Semiconductor 


LM117/LM217/LM317 3-terminal adjustable regulator 


general description 


The LM117/LM217/LM317 are adjustable 3-terminal 
Positive voltage regulators capable of supplying in excess 
of 1.5A over a 1.2V to 37V output range. They are 
exceptionally easy to use and require only two external 
resistors to set the output voltage. Further, both line 
and load regulation are better than standard fixed regula- 
tors. Also, the LM117 is packaged in standard transistor 
packages which are easily mounted and handled. 


In addition to higher performance than fixed regulators, 
the LM117 series offers full overload protection 
available only in IC’s. Included on the chip are current 
limit, thermal overload protection and safe area protec- 
tion. All overload protection circuitry remains fully 
functional even if the adjustment terminal is 
disconnected. 


features 


Adjustable output down to 1.2V 
Guaranteed 1.5A output current 

Line regulation typically 0.01%/V 

Load regulation typically 0.1% 

Current limit constant with temperature 
100% electrical burn-in 

Eliminates the need to stock many voltages 
Standard 3-lead transistor package 

80 dB ripple rejection 


Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
very high ripple rejections ratios which are difficult 
to achieve with standard 3-terminal regulators. 


typical applications 


1.2V—25V Adjustable Regulator 


TOptional—improves transient 
response 

"Needed if device is far from 
filter capacitors inpuTs 


R2 
ttvour =1.25V ( + —) 


Digitally Selected Outputs 


* ? 
Sets maximum Vout 


Besides replacing fixed regulators, the LM117 is useful 
in a wide variety of other applications. Since the regu- 
lator is “‘floating’’ and sees only the input-to-output 
differential voltage, supplies of several hundred volts 
can be regulated as long as the maximum input to 
output differential is not exceeded. 


Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by 
connecting a fixed resistor between the adjustment and 
output, the LM117 can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 


The LM117K, LM217K and LM317K are packaged in 
standard TO-3 transistor packages while the LM117H, 
1M217H and LM317H are packaged in a solid Kovar 
base TO-5 transistor package. The LM117 is rated for 
operation from ~55°C to +150°C, the LM217 from 
-25°C to +150°C and the LM317 from 0°C to +125°C. 
The LM317T and LM317MP, rated for operation over a 
0°C to +125°C range, are available in a TO-220 plastic 
package and a TO-202 package, respectively. 


For applications requiring greater output current in 
excess of 3A and 5A, see LM150 series and LM138 
series data sheets, respectively. For the negative comple- 
ment, see LM137 series data sheet. 


LM117 Series Packages and Power Capability 


RATED DESIGN 
DEVICE POWER LOAD 
DISSIPATION CURRENT 


imiiy | vos | _20W_ ‘| _15a_ 
LM217 

TO-! 
tMai7t_| 10220 | _tew | 158A _| 
Lm3i7M | T0-202 75W | 05A | 


SV Logic Regulator with 
Electronic Shutdown*® 


un 


*Min output = 1.2V 


absolute maximum ratings 


Power Dissipation 
input—Output Voltage Differential 
Operating Junction Temperature Range 
LM117 
LM217 
LM317 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 


Internally limited 
40V 


55°C to +150°C 
~25°C to +150°C 
0°C to +125°C 
-65°C to +150°C 
300°C 


preconditioning 


Burn-In in Thermal Limit 


100% All Devices 


electrical characteristics (Note 1) 


PARAMETER 


Line Regulation 


Load Regulation 


Thermal Regulation 


Adjustment Pin Current 


Adjustment Pin Current Change 


Reference Voitage 


Line Regulation 
Load Regulation 


CONDITIONS 


Ta = 25°C, 3V < Vin — VouT <40V 


(Note 2) 


Ta = 25°C, 10mA < IguT < Imax 
Vout < 5V, (Note 2) 
Vout = 5V, (Note 2) 


Ta = 25°C, 20 ms Pulse 


10 mA < IL <IMAX 

2.5V <(Vin-VouT) < 40V 
3<(Vin-VouT) < 40V, (Note 3) 
10 mA < lout < IMAx. P< PMAX 


3V < Vin — VouT < 40V, (Note 2) 
10 mA < lout < Imax. (Note 2) 


Vout < 5V 
Vout 2 5V 


] 

| 

Temperature Stability Tin S Tj < TMAX : 
Minimum Load Current Vin-VourT = 40V 


Current Limit VIN-VouT < 15V 
K and T Package 

H and P Package 

ViIN-VOuT = 40V 

K and T Package 

H and P Package 


RMS Output Noise, % of VOUT Ta = 25°C, 10Hz <f< 10 kHz % 


Ripple Rejection Ratio VouT = 10V, f = 120 Hz 
Caps = 10uF 
Long-Term Stability Ta = 125°C 


Thermal Resistance, Junction to Case H Package 
K Package 
T Package 
P Package 
Note 1: Unless otherwise specified, these specifications apply: -55°C < Tj < +150°C for the LM117, —25°C < Tj < +150°C for the LM217 and 
oec< jis +125°C for the (M317; Vin—VourT @ 5V and !oyt @ 0.1A for the TO-5 and TO-202 packages and IQuyT = 0.5A for the TO-3 pack- 


age and TOQ-220 package. Although power dissipation is internally limited, these specifications are applicable for power dissipations of ZW for the 
TOS and TO-202 and 20W for the TO-3 and TO-220. Ima x is 1.54 for the TO-3 and TO-220 package and 0.5A for the TO-5 and TO-202 package. 


Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to 
heating effects are covered under the specification for thermal regulation. 


Note 3: Selected devices with tightend tolerance reference voltage available. 
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LM119/LM219/LM319 


National 
Semiconductor 


Voltage Comparators 
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LM119/LM219/LM319 High Speed Dual Comparator - 


General Description 


The .LM119 series are precision high speed dual 
comparators fabricated on a ingle monolithic 
chip. They are designed to operate over 8 wide 
range of supply voltages down to a single 5V logic 
supply and ground. Further, they have higher 
gain and lower input currents than devices tike 
the LM710. The uncommitted collector of the 
output stage makes the LM119 compatible with 
RTL, DTL and TTL as well as capable of driving 


lamps and relays at currents up to 25 mA. Out-_ 


standing features include: .. __ 


Features 


® Two independent comparators | 

= Operates from a single 5V supply 

® Typically 80 ns response time at +15V 
8 Minimum fan-out of 2 each side 


Maximum input current of 1 pA over tempera- 
dal ale i) si ebb ete 8 es _-—; 


‘ture : 
; i 
Inputs and outputs can be isolated from system 
ground j we at = 

= Highcommon mode slew rate 


Although designed primarily for applications re. 
quiring operation from digital ‘logic supplies, the: 
LM119 series are fully specified for power supplies 
up to +15V. It features faster response than the 
LM111 at the expense of higher power dissipation. 
However, the high speed,: wide operating voltage 
range and low package count make the LM119. 
much more versatile than older devices like the: 
LM711. = : : 


The LM119 is specified from -55°C to +125°C,: 
the LM219 is specified from —25°C to +85°C, and 
the LM319 is specified from O°C to +70°C. 


Schematic and Connection Diagrams - 


Typical Appl 


See NS Package N14A 


Order Number LM119J, LM219J3 
or LM319J . 
See NS Package J14A 


Order Number LM119H, LM219H 
or LM319H 
See NS Package H10C 
Vow te 
Var 6 Ree Ber 
Yr te 
Fae OMe he ee 


Window Detector 


LM119/LM219/LM319 


se 


Absolute Maximum Ratings isis 


Total Supply Voltage 

Output to Negative Supply Voltage 
Ground to Negative Supply Voltage 
Ground to Positive Supply Voltage 
Differential Input Voltage 

floras ote (Note 1) 


PARAMETER 
Input Offset Voltage (Note 4) 
Input Offset Curtent {Note 4) 
Input Bias Current 
Voltage Gain 
Response Time (Note 5) 
Saturation Voltage 


Output Leakage Current 


Input Offset Voltage (Note 4) 
Input Offset Current (Note 4) 
input Bias Current 


input Voltage Range 


Saturation Voltage 


Differential Input Voltage 
Positive Supply Current 
Positive Supply Current 
Negative Supply Current 


Power Dissipation (Note 2) : 

Output Short Circuit Duration - é ok _ + 30 sec 

Operating Temperature Range LM319 ae , OCw70°C 

Storage Temperature Range ? ~65'C to 150°C 

Lead Temperature (Soldering, 10 sec} 300°C 
I ar La Sh died dete chen an teh eee | 


Tx 25°C Vg = t15V 


Vin <-10 mV, louy = 25 mA 
Ta = 25°C 


Ving 2 10 MV, Vour = 35V, 
V" = Venn 7 OV, Ta = 25°C 


Rg < 5k 


Vg'= t15V 
Vv" =5V.V"=0 


V°>4.5V,V"=0. 
Vin <-10 mV, Isinn < 3.2 mA 


Ta = 25°C, V" =5V, V0 = 0 
Ta = 25°C Ve = t15V 
Ta. 25°C Vg = 215V 


Note 1: For supply voltages less than +15V the absolute maximum input voltage is equa! to the supply voltage. 

Note 2: The maximum junction temperature of the LM319 is 85°C. For operating at elevated temperatures, devices in the 
TO-5 package must be derated based on a thermal resistance of 150°CM, junction-to ambient, or 45°CM, junction to case. 
The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vg = £15V and O°C < Ta’ < 70°C, unless otherwise stated. The offset voltage, offset 
current and bias current specifications apply for any supply voltage from a single 5V supply up to 215V supplies. * . 
Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of 
either supply with a 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of 


voltage gain and input impedance. 


au 


Note 5: The response time specified ss for a 100 mV input step with 5 mV overdrive. .,- 


@ 4 National Operational Amplifiers/Buffers 


Semiconductor 


LM124/LM224/LM324, LMi24A/LM224. 


M2902 


Low Power Quad Operational Amplifiers _ ; 


General Description Ps 


The LM124 series consists of four independent, high 
gain, internally frequency compensated operational am- 
plifiers which were designed specifically to operate from 
a single power supply over a wide range of voltages. 


Advantages 


®@ Eliminates need for dual supplies 


= Four internally compensated op amps in a single 
package 


“4 Operation from split power supplies is also possible and = Allows directly sensing near GND and Voyr7 also 
‘ the low power supply current drain is independent of the goes to GND e 
a magnitude of the power supply voltage. ® Compatible with all forms of logic 


Application areas include transducer amplifiers, de gain 


easily provide the required interface electronics without 
requiring the additional 15 Voc power supplies. 


Unique Characteristics 


= in the linear mode the input common-mode voltage 


® Power drain suitable for battery operation 


(temperature compensated) 
@ Wide power supply range: 
Single supply -3 Voc to 30 Voce 
or dual supplies 1.5 Voc to 15 Voc 
® Very low supply current drain (BOQuA) — essentially 
independent of supply voltage (1 mW/op amp at 
+5 Voc) 


ZOGBZINT ‘WHZEINTIVPZCIN TV PCLINT 
| ‘YZEINTIPCCIN TPL 


7 blocks and all the conventional op amp circuits which =~ Features Fe 
: now can be more easily implemented in single power a 5 , faa 
supply systems. For example, the LM124 series can be Intannally x sunbalee eanipeneated tone 20) H het 
directly operated off of the standard +5 Voc power Dy Eine de vor? ae ; 100 dB Heel 
‘ supply voltage which is used in digital systems and will ® Wide bandwidth (unity gain) 1 MHz 


range includes ground and the output voltage can also = Low input biasing current 45 nAoc SA) 
swing to ground, even though operated from only a (temperature compensated) P 
single power supply voltage. 8 Low input offset voltage 2MVoc 

and offset current 5 Apc ; 


= The unity gain cross frequency is temperature 
compensated. 
current is also 


® The input bias 


compensated. 


temperature 


Connection Diagram 


Dual-In-Line and Flat Package 


SutTeuTs wmPyT a iNPUT aS Guo (Put 3° INPUTS” «OUTPUT 3 


& Input common-mode voltage range includes ground 

® Differential input voltage range equal to the power 
supply voltage 

® Large output voltage 
swing 


0 Voc to vi -1.5 Voc 


Schematic Diagram (each Amplifier) 
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wet. . 
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= F 2 
- . 
; a 
Y Gia x for 15K < Ay < 200K x8 ; 
v z 
t ; iW 
00 eo 
: 
a “7 z I 
< 3 GuTPUT) amPuUT I~ impuTt* vw mpyT 2° imeuTI” OUTPUT? y" 
in Amplifier ~ ‘3 “H 
‘4 To? VIEW 


Order Number LM124J, LM124AJ, 
LM224J, LM224AJ, LM324J, 
LM324AJ or LM2902J 

See NS Package J14A 
Order Number M324N, LM324AN 
or LM2902N 
Sea NS Package N14A 
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S) MOTOROLA MC3459 


Specifications and Applications 
Information 
QUAD NMOS ADDRESS 
LINE DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


QUAD NMOS MEMORY ADDRESS DRIVER 


The MC3459 is designed for high-speed driving of the highly 
capacitive Address select inputs for NMOS Memories. It is also useful 
in numerous applications requiring a high-current MTTL NAND 
gate. It is pin-compatible with the popular MC7400 Quad NAND gate. 


@ Fast Propagation Delay Time — L SUFFIX 


. CERAMIC PACKAGE 
20 ns Typical with 360 pF Load caeeieae 
© Output Voltages Compatible with NMOS Memories 10-116 


®@ Inputs Compatible in MTTL and MDTL Logic Families 
® Output Loading Factor — 50 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 


Output 
A 


Input 
18 


Input 
28 


Output 
B 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


INPUTS 


TYPICAL OPERATION 


Veo*5.0V 50 c¢ » 360 pF 
Ta* 25°C ns/div Rg = 02 
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P SUFFIX 
ISTIC PACKAGE 
CASE 646 


———————e 


MC3459 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 
Rating 

Input Voltage 

Power Dissipation (Package Limitation 


Ceramic Package @ Tq 2 25°C 
Derate above Ta = 25°C 


Plastic Package @ Ta = 25°C 
Derate above Ta = 25°C 


Ceramic Package @ Tg = 25°C 


Derate above Tc = 25°C 
Plastic Package @ Tg = 25°C 
Derate above Tc = 25°C 


Operating Ambient Temperature Range 


Junction Temperature Tj 
Ceramic Package 
Plastic Package 


Storage Temperature Range -65 to +150 %¢ 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, 4.75 V < Vcc < 5.25 V and 0 < Ta < 70°C) 


Input Voltage — High Logic State 
Input Voltage — Low Logic State 


tnput Current — High Logic State 
(Voc = 5.25 V, Vin = 2.4V) 
(Vec = 5.25V, Vi = 5.5V) 


(Veco = 5.25 V, Viz = 0.4 Vv) 
Input Clamp Voltage 
(tie * -12mMA), 
Output Voltage — High Logic State 


(Veo = 4.75 V. Vit = 0.8 V. Ion = -640 uA) 
(Voc = 4.75 V, Vit = 0.8 V, 19H = -2.0 mA) 


<< 
oo 
ae 
N= 
z 


Output Voltage — Low Logic State 
(Voc = 4.75 V, Vin = 2.0V,1oL = 640 nA) 
(Voc = 4.75 V. Vin = 2.0 V. Io, = 80 mA) 


Power Supply Current — Outputs High Logic State 'cCH 
(Veo* 5.25 V, Vip = OV) 


Power Supply Current — Outputs Low Logic State 
(Voc = 5.25 V, Vip = 5.0 V) 


2° 
ww 


SWITCHING CHARACTERISTICS (Unless otherwise noted, Voc = 5.0 V, Ta = 25°C, Cy = 360 pF) 


a 
Propagation Delay Time — High to Low Logic State 


Propagation Delay Time —'Low to High Logic State 


(1) Typical values measured at Ta = 25°C, Vcc = 5.0V. 


+ 
=x 
a) 
a 
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MC3459 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES 


| lJ —tTLH < 5.0n8 | fl tH S508 To Scope To Scope 
(input) (Output) 
t= 10MHz 
3.0V PW =< 500ns 
Input sv 1sVv/ 1/4.MC3459 
ov 10% — Pulse -——~5 
- HL LH ee ae Generator 4 " 
Vou rt All four drivers 
tested simultaneously 
30Vv = 360 pF 
Output (includes probe and 
jig capacitance) 
+ O5V 
Vo. ————- =e +5.0V 


TYPICAL PREFORMANCE CURVES 


FIGURE 2 — POWER CONSUMPTION versus FIGURE 3 —~ OUTPUT VOLTAGE — HIGH LOGIC STATE 
OPERATING FREQUENCY 
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FIGURE 4 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT 
(Expanded Scale) 


FIGURE 5 — OUTPUT VOLTAGE — LOW LOGIC STATE 
versus OUTPUT CUR RENT 


Vec=4.75V 
100 Ta = 25°C 
Vin = 2.0V 


0 
0 10 20 30 40 50 60 70 80 


VoL. OUTPUT VOLTAGE - LOW LOGIC STATE (mv) 


0 20 40 60 80 10 12 4 16 1% 20 
!oH. OUTPUT CURRENT - HIGH LOGIC STATE (mA} igy. OUTPUT CURRENT - LOW LOGIC STATE (mA) 


VOH, OUTPUT VOLTAGE - HIGH LOTIC STATE (VOLTS) 
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MC3459 


APPLICATIONS SUGGESTIONS 


A majority of the new N-Channe! MOS memories have 
TTL logic compatible inputs that exhibit extremely low 
input current and capacitance (typically 5 pF to 10 pF). 
However, in a typical memory system (Figure 6) where 
some of the inputs such as Address lines have to be 
common, the total parallel input capacitance can be over 
300 pF. Standard TTL logic gates have insufficient current 
drive capability to rapidly switch a high capacitive load; a 
high speed buffer, such as the MC3459, is required. 

Aconsiderable amount of noise can be generated during 
switching due to the high speed and high current drive 
capability of the MC3459, The high capacitive discharge 
current during the high to low transition, plus current 
spikes can result in a considerable amount of noise being 
generated on the ground lead. Current spikes are due to 
both the upper and tower output drive transistors being 
on for a short period of time during switching. This causes 
a very low impedance path between Vcc and ground. 

In order to minimize the effects of these currents, the 
following layout rules should be followed: 

1. The Vcc supply pin of each package should be by- 

passed with a low inductance 0.01 uF capacitor. The 
0.01 uF capacitor willsustain the high surge currents 
required during switching. 

2. There is a large amount of current out of the ground 

node during switching ~ the noise seen at this node 


will be proportional to the ground impedance. The 
impedance of the ground bus can be reduced by in- 
creasing its width. At least a 50 mil ground width is 
recommended. 

Some of the NMOS memories with TTL logic com- 
patible inputs do not actually meet the TTL logic level 
requirements in the input high state voltage (Vj}). There 
are N-Channel MOS memories with a Vjy minimum 
ranging from 2.4 V to 4.0 V. The MC3459 can directly 
interface with those N-Channel memories having a Vi 
minimum of 3.0 V. The higher driver output levels can be 
accomplished by adding a pull-up resistor to Vcc or by 
increasing the Vcc voltage. There are some N-Channel 
MOS memories, such as the MCM7001, that have a supply 
requirement of 7.5 V. The high maximum supply voltage 
rating of the MC3459 can accommodate a 7.5 V Vcc 
supply without affecting its input TTL logic compatibility. 
Figure 4 gives the typical VOY versus Ix characteristics 
for both Vcc = 5.0 V and Vcc = 7.5 V. An expanded 
output characteristic curve of Figure 4 is illustrated in 
Figure 5. 

The MC3459 can be used in a variety of applications 
including, high fan-out buffer (drives 50 standard TTL 
loads) and low impedance transmission line driver. 


FIGURE 6— TYPICAL APPLICATION 
16K X N Memory System Employing 
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(A) MOTOROLA MC3480 HY 


Specifications and 
Applications Information 


DYNAMIC 
MEMORY CONTROLLER 


MEMORY CONTROLLER FOR 16 PIN 4K, 16K 
AND 64K DYNAMIC RAMs 


The memory controller chip is designed to greatly simplify the 
interface logic required to control the popular 16 pin multiplexed 
dynamic NMOS RAMs in a microprocessor system such as the 
M6800. The controller will generate, on command from the micro- 
Processor, the proper timing signals required to successfully transfer 
data between the microprocessor and the NMOS memories. The 
controller, in conjunction with an oscillator, will also generate the 
necessary signals required to insure that the dynamic memories are 
refreshed for the retention of data. 


SCHOTTKY MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623 


© Greatly Simplify the MPU-Dynamic Memory Interface 


Reduce Package Count and System Access/Cycle Times 30% 
Chip Enable for Expansion to Larger Word Capacity 
Generate 1 of 4 RAS Signals for an Optimum 16K/64K 
Memory System 
High Input Impedance for Minimum Loading of MPU Bus 
Schottky TTL Technology for High Performance 

@ Useful with 4K and 16K and Future Expanded Dynamic RAMs 


P SUFFIX 
PLASTIC PACKAGE 
CASE 649 


BLOCK DIAGRAM 


PIN CONNECTIONS 


MC3232A/ 
MC3242A 


Row Enable 


Refresh Enable 


Signals 
From 
MPU 


A12/14 
A13/15 


MPU 


Interfece 
And 
Memory 
Ref Clk Control 
Ref Grant Logic 


MG t1t2 03 04 05 


Several methods may be employed to generate the required time delay: 
One shots 

. High frequency counters 

. High frequency shift registers 

. Delay lines 

. Signals from MPU Clock 


MawWN= 


See Pin Descriptions 


MC3480 


Operating Ambient Temperature 


Storage Temperature Tstg 
Operating Junction Temperature 
Ceramic Package 

Piastic Package 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the 
device cannot be guaranteed. They are not meant to imply that the devices should 
be operated at these limits. The table of “Electrical Characteristics” provides 
conditions for actus! device operation. 


RECOMMENDED OPERATING CONDITIONS 


* 
Ctenerces 
Power Supply Voltage +4.50 to +5.50 
Operating Ambient Temperature Range [tm | Ov+o [ % | 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply over recommended power supply and temperature 
ranges.? 


Hin] 


Input Voltage — High Logic State 


Input Current — Low Logic State he 
(Vy = 0.5 V) 


Input Current — High Logic State = {Vj = 2.7 Vv) 
(Vin = 5.5V) 
Input Clamp Voltages Vik 
{ly = 18 mA) 
Output Voltace — Low Logic State : 
(lo. = 24 mA for RAS, CAS, and RAV) 
(gL = 8.0 mA for Row En, Ref En, MC, Ref Req) 
Ourput Voltage — High Logic State 
(lon = -1.0 mA for RAS, CAS, and RW) 
(Igy = -0.4 mA for Row En, Ref En, and MC) 
fon = -0.2 mA for Ref Req 
(Note: Ref Req output has internal 5.0 k 
resistive pullup to Voc.) 


Power Supply Current — During R/W or Refresh ioc 
— During idte 
Output Short-Circuit Current 
(Vo. = 0 V for Row En, Ref En, and MC) 


FIGURE 1 — TYPICAL tp71,3, and4 (HIGH TO LOW) versus 
LOAD CAPACITANCE — RAS, CAS and RAV 


Veg = $.0 Volts 


tpr}, PROPAGATION DELAY TIME (ns) 


C,, LOAD CAPACITANCE (pF) 
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perature 
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SWITCHING CHARACTERISTICS (Unless otherwise noted, 4.5 < Vcc < 5.5 V, and 0 < Ta < 70°C 


Propagation Delay Times (Full AC Load — All Outputs) 


MC to MC — Low to High 
MC to MC — High to Low 
tl to RAS 
t2 to Row En 
t3 10 CAS 
14to RW 
t5 to CAS 
to RAS 
10 RWW 
to Row En (Refresh) 
to Row En (RM) 
to Refresh En 
Ref Clk to Ref Req 
Ref Grant to Row En 
to Ref En 
t1 to Ref Req (Ref onty) 


teLH(MC) 
tPHLIMC) 
teT1 
tPT2 
PT3 
Ta 
tPTSC 
'PTSR 
'PTSW 
WTSER 
tpTSE 
tPTSF 
tpca 
PGS 


’TQ 


Propagation Delay Times (AC Load, 15 pF ~— Al! Outputs) 


tl to RAS 
12 to Row En 
13 to CAS 
1410 RW 
t5 to CAS 
to RAS 
10 RW 
to Row En (Refresh) 
to Row En (RW) 
to Refresh En 


Setup Times (Full AC Load — All Pins) 
Ref Clk before Ref Grant 
A12, A13 before t1 
RW Input before t4 
CE before t4 
Ref Grant before t1 


Hold Times (Full AC Load — All Pins) 
A12, A13 after t5 
CE atter 11 
RM after t4 
MC Rising after t1 Rising 


tT 
tPT2 
1PT3 
'PT4 
'PTSC 
™T5R 
'PTSW 
tPT5SER 
'PTSE 
UPTSF 


tsu(RC) 
tsufA) 
tsu(R/W) 
tsu(CE) 
tsu(RG) 


th(A) 
th(CE) 
thiR MW) 
th(MC) 


Minimum Delay Times (Note 2 — Full AC Load — All Pins) 


11 Low to High to t2 Low to High 
tt Low to High to t4 Low to High 
12 Low to High to t3 Low to High 
13 Low to High to t5 Low to High 


Minimum Pulse Widths 
11 through tS 


MC 
Ref Grant 


ta( 1-2) 
td(1-4) 
1(2-3} 
ta(3-5) 


Note 2: If delays between t1—15 are less than the minimum specified, the succeeding outputs may not switch. 


AC LOADS (Note 3} 


*Includes probe and jig capacitance. 


NOTE 3: All outputs can drive larger capacitive loads than those shown 


with a small decrease in speed. See Figure 1. 
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afi] 
L 4 
¥ PIN DESCRIPTION TABLE 
(a 1 aa a ee a 
Row Address Strobe pins which connect to each of the dynamic RAMS to latch in row address on memory chips. 
Decoded to 1 of 4 during R/W cycle. Atl 4 go low during refresh cycte. a 
RAS4 a 
[cas =| 11 | Column Address Strobe pin which connects to each dynamic RAM to latch in column address. a 
Row Enable output which goes to the MC3232A (MC3242A). It signals the Address Multiplexer that the lower half a 
(Row Addresses) or the upper half (Column Addresses) of the address lines are to be multiplexed into the dynamic 
RAM address inputs. A Logic 1 on this output indicates the Row Addresses, and a Logic 0 indicates Column Addresses. 
No! 


Refresh Enable output. A Logic 1 signals the Address Multiplexer that a refresh cycle is to be done, and a Logic 0 
indicates that address multiplexing should be done. a 
Chip Enable Input. A Logic 1 on this pin disables all chip functions, except that of Refresh and the MC output. CE must 
be low during t1 low to high transition to initiate R/W cycle. Once t1 is initiated, the cycle is independent of CE. 
The Read/Write input pin receives information from the M6800 MPU as to the direction of data exchange in the 
dynamic RAM. tt transmits a Logic 0 to the R/W output for a Write Cycle and a Logic 1 for a Read Cycle. 

Upper Order Address tines trom the M6800. These two inputs decode to four sianals controlling the four RAS outputs. 
A14 and A15 apply to 16K RAMs. 

Memory Clock input from MC6875 clock or other signal source. The rising edge of MC must occur after the rising 
edge of tt to avoid aborting the refresh cycle. When MC rises, it resets an internal flag that will terminate refresh at the end 
of the current cycle. Failure to reset the flag forces the 3480 to retresh every cycle thereafter. MC can be connected to 

t2 or t3 in noncritical applications. 
The buffered complement output of MC. It is a buffered output which may be used to drive the circuitry creating the 
time delays used on inputs t1 through tS. 


A13 (A15) 
A12(A14) 


MC 
Vec 


These pins use external timing inputs to sequentially select the outputs to be enabled. They are positive-edge triggered 
inputs. Assuming a Read/Write cycle is to be executed, a positive edge on t1 forces a logic 0 on one of the four RAS 
outputs as determined by the A12/14, A13/15 inputs. After a delay, a positive edge on t2 causes Row En to go toa 
Logic 0, providing address-multiplexing information to the MC3232A or MC3242A. t3 enables the CAS output and it 
goes low. t4 enables the R/W output and it goes tow, assuming the R/W input was low. t5 resets all the outputs to a 
Logic 1 (with the exception of MC, Ref En, and Ref Req). The inputs t1, t2, 13, and t5 are daisy-chained, so they must 
be sequentially driven to obtain the desired output signals. t4 can be driven at any time after tl. 


The 32 kHz (64 kHz) Refresh Clock signals this pin that another refresh cycle is required. It is a positive-edge triggered 
input, and upon triggering, the Ref Req pin goes to a Logic 0. 
The Refresh Request output acts as an input to the MPU system, requesting a refresh cycle. This output has 
a5 kQ pullup resistor to the Vcc supply to allow wire-ORing if desired, 


Through the Refresh Grant input, the MC6875 initiates a refresh cycle. This input is positive-edge triggered and is 
enabled only after the Ref Req pin has gone low. This allows the MC3480 to discern between a Refresh Grant or a 
DMA Grant even though they appear on the same line. When employing both dynamic memory (refresh) and DMA 
in a microprocessor-based system with a combined Refresh/DMA Request control on the clock, provision must be 
made for holding off a DMA request during a refresh period (and visa versa). If this provision is not made, clock 
stretching (cycle stealing) will continue indefinitely and dynamic microprocessor data wilt be lost. The positive edge 
on Ref Grant causes Row En output to go low and Ref En output to go high. This signals the MC3232A (MC3242A) 
that a refresh address is required. The refresh cycle occurs with the succeeding pulses on t1-t5. A positive edge ont? 
causes Ref Req to go high and all the RAS outputs to go low. A positive going edge on t2 causes no change in the 
outputs, since it controls the address multiplexing (Row En) during the Read/Write cycles. There is no output change 
when t3 and t4 go high because no CAS or R/W signal is needed during refresh. A positive edge on t5 resets the RAS 
and Row En toa Logic 1 state, and Ref En to a Logic O state, ready for the next Read/Write cycle. 


+5.0 V supply. A 0.1 wF capacitor is recommended to bypass pin 24 to ground. 
|Gnd | System Ground, 


; 
' 
' 
i 
*These outputs are designed to drive the highly capacitive inputs of multiple dynamic RAMS/(150 pF for RAS outputs, and 450 pF for CAS 


17 
18 
| 24 | 
| 12 


and R/W outputs). Consequently, these outputs have no short-circuit limit and must be handled accordingly. Good high capacitance load 
driving techniques’ usually include a 10 92 or greater series damping resistor. It is highly recommended that this be done on RAS, CAS and 
RM outputs of the MC3480. The effect of these series damping resistors on rise and fall times must be included in timing considerations. 


NOTE: Ali other outputs are LS/TTL totem-pole configuration unless otherwise noted. 


yes 
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(AA) MOTOROLA 


QUAD RS-422 LINE DRIVER 
WITH THREE-STATE 


QUAD LINE DRIVER WITH OUTPUTS 


THREE-STATE OUTPUTS 


SILICON MONOLITHIC 


Motorola‘s Quad RS-422 Driver features four independent driver INTEGRATED CIRCUIT 


chains which comply with EIA Standards for the Electrical Char- 
acteristics of Balanced Voltage Digital Interface Circuits. The outputs 
are three-state structures which are forced to a high impedance state 
ies ieponaat when the appropriate output contro! pin reaches a logic zero condi- 
guaranteed output tion. All input pins are PNP buffered to minimize input loading for 
either logic one or logic zero inputs. In addition, internal circuitry 
assures a high impedance output state during the transition between 
power up and power down. A summary of MC3487 features include: 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Four Independent Driver Chains 
Three-State Outputs 
PNP High Impedance Inputs (PIA Compatible) 


LID) 


Fast Propagation Times (Typ 15 ns) 
TTL Compatible 
Single 5 V Supply Voltage 


P SUFFIX 
PLASTIC PACKAGE 


Output Rise and Fall Times Less Than 20 ns CASE 648 


DS 3487 Second Source 


PIN CONNECTIONS 


H 
wae | input A 1 18 Vec 
1 a 1s 
2 Outputs at, 14 Inpro 
1N916 oF DRIVER BLOCK DIAGRAM A/B Control 4 alee 
s 12 C/D Control 
Ourpurs 8 { M6 * 
Input B ? nol SPUN 
Gnd sc tnput C an 
Non-inverting i i 
- 3 
t 7 
= TRUTH TABLE 
add inverting ' r 
Control Non-Inverting 
input Output Y 
Output _ ; 
Control 7 ‘ ! 
L : 
x ss 
P t 
L = Low Logic State + 
eer H © High Logic State 
X = Irretevant 
2 = Third-State (High Impedance) 
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*ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage ae 
input Voltage vy | 85 


Operating Junction Temperature Range 
Ceramic Package 
Piastic Package 


Storage Temperature Range 


*“Absolute Maximum Ratings’ are those values beyond which the safety of the device cannot 
be guaranteed. They are not meant to imply that the devices should be operated at these limits. 
The ‘Table of Electrical Characteristics” provides conditions for actual device operation. 


ELECTRICAL CHARACTERISTICS (Uniess otherwise noted specifications apply 4.75 VS Vcc < 5.25 V and 0°C < Ta < 70°C. 
Typical values measured at Vcc = 5.0 V, and Tp = 25°C.) 


Input Voltage ~- Low Logic State 
Input Voltage — High Logic State 


input Current — Low Logic State fie 
(Vip = 0.5 V) 


Input Current — High Logic State 
(Vin = 2.7) 
(Vin = 5.5 V) 


input Clamp Voltage ViK 
(y= 18 MA} 


Output Voltage — Low Logic State VoL 
(Wo. = 48 mA) 


Output Voltage — High Logic State VOH pe 


(gH = -20 mA) 


Output Short-Circuit Current 
(Vin = 2.0) 2 
Output Leakage Current — Hi-Z State 
(Vic = 0.5 V, ViL(z) = 0.8 Vd 
(Vin= 2.7 V, ViLiz) = 9.8 V) 
Output Leakage Current — Power OF F 
(VoH = 6.0 V, Voc = OV) 
(VoL = -0.25 V, Vcc 70 V) 


Vos-Vos 
Output Differential Voltage 1 [vr i v 
Output Differential Voltage Difference 1 vt - Vr 


Power Supply Current 
(Contro! Pins = Gna) 
(Control Pins = 2.0 V) 


See E1A Specification RS-422 for exact test conditions. 
Only one output may be shorted at a time. 
Circuit in three-state condition. 


NG CHARACTERISTICS 


1. 
2. 
3. 


queers 


oWinurn Woo <S2¥.TA@ 25°C unless otherwise noted.) 


Propagation Delay Times 
High to Low Output 
Low to High Output 

Output Transition Times ~ Differential 
High to Low Output 


Low to High Output 


Propagation Delay — Control to Output 
(Ry = 200 2, Cy = 50 pF) 'PHZ(E) 
(Ry = 200 N, Cy = 50 pF) tPLZ(E) 
(RL = CL = 50 pF) tPZHIE} 
(AL = 200 2, Cy = 50 pF) : TPZL(E) 
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AY-5-3600 


Keyboard Encoder 
FEATURES 


© One integrated circuit required for complete keyboard assembly 

® N key rollover or lock out operation 

® Quad mode operation 

™ Lock out/rollover selection under external control (option) 

® Self-contained or slave oscillator circuit 

® 10 output data bits available 

® Outputs directly compatible with TTL/DTL or MOS logic arrays 

= Output data buffer register included 

= Output enable provided (option) 

@ External data complement control provided (option) 

@ Pulse or level data ready output signal provided (option) 

= “Any Key Down” output provided (option) 

® Externally controlled delay network provided to eliminate the 
effect of contact bounce 

© Programmable coding with a single mask change 

® Static charge protection on all input and output terminals 

® Entire circuit protected by a layer of glass passivation 


DESCRIPTION 

The General Instrument AY-5-3600 is a Keyboard Encoder 
containing a 3600 bit Read Only Memory and ali the logic 
necessary to encode single pole single throw keyboard closures 
into a usable 10 bit code. Data, Any Key Down and Data Ready 
outputs are directly compatible with TTL/DTL or MOS logic 
arrays without the need for any speciai interface components. 
The AY-5-3600 is fabricated with MINS technology and contains 
5000 P channel enhancement mode transistors on a‘single 
monolithic chip. 


BLOCK DIAGRAM 


To's Tea "ey er 


OuTryT bata surrte 


TID 


PIN CONFIGURATION 
40 LEAD DUAL IN LINE 


OptionQe1 


Data Output 89 
Data Outpui B8 
Data Output 87 O 
Data Output B6 
Data Output BS G 
Data Output B4 CI 
Data Output B3 CJ 
Oata Output B2 
Oata Output B1 


PRFRBISSReseeeeysess 


Nn 
2NB 


LOCHOUT/ MOLLOVER torTION) 
CHP ENaeLE (OPTION) 
MOTE: MEFER TO FG) FOR OPTION Pim SELECTION. 


oR! 108 A) Ct te , 
PROVIDES abrmox Sioa CLOce REO. 
"CR (SOORS DELAY/ CPF) AZ SUPPLIED INTEMMALLY. 


oo 3 
Storie Grcaation, COMPETE MEY 


‘Row 


or eae 


Piece = AY-5-3600 


CUSTOM CODING INFORMATION 


The custom coding information for General Instrument's AY-5- 

3600 Keyboard Encoder ROM should be transmitted to General 

Instrument in the form of 80 column punched cards. Each ROM 

pattern requires 92 cards (1 title card, 1 circuit option card and 90 
ROM pattern cards). (See Note 1) 

If it is not possible to supply punched cards, then the Truth Table 
should be completed (See Note 1). However, there would be a 


PIN OPTIONS 


Pins 6-40 of the AY-5-3600 are permanently assigned. The func- 
tlons assigned to pins 1-5 depend on which functional options are 
selected from the following: 


External Clock 

—requires one package pin to input an external clock source. 

Internal Oscillator 

—requires three package pins interconnected with an external 
RC network to develop the clock required. 

Lockout/Rollover (LO/RO) 

—requires one package pin to externally select N-Key Lockout or 
N-Key Rollover. LO = +5V, RO= GND. 

Complement Control (CC) 

—requires one package pin to externally control the logic state of 
the data bits (B1-B10) and, if required, the Data Ready output. 


substantial savings in both the coding charge and turn-around 
time if punched cards were used. Upon receipt of the punched 


cards or the Truth Tabie, General Instrument will prepare a - 


computer-generated Truth Table which will be returned to the 
user for verification. 


NOTE 1: Card and Truth Table format available upon request. 


Chip Enable (CE) 

—requires one package pin to control the data bits (B1-B10) and, if 
required, the Data Ready and Any Key Output. 

Any Key Output (AKO) 

—requires one package pin to indicate a key depression. 
Output Data Bit 10 (B10) 

—requires one package pin when ten date bits are required to 
encode each key. 


Select the pin options desired: 

External Clock + 4 of the following functions 
OR : 

Internal Oscillator + 2 of the following functions 

LO/RO, CC, CE, AKO, BIO 


The following chart lists the pin assignments according to the functions selected above: 


External Clock 
External Clock 
External Clock 
External Clock 
External Clock 


Internal Oscillator 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings” 


Vop and Voc (with respect toVcc) . . 2... ee ee —20V to +0.3V 
Logic input voltages (with respect toVcc) ...... —20V to +0.3V 
Storage Temperature... ........-.-. -65°C to +150°C 
Operating Temperature Range. ...........- 0°C to +70°C 


Standard Conditions (unless otherwise noted) 


Vcc = +5 Volts +0.5 Voits 

Vac = —12 Volts 1.0 Volts, Von = GND 

(Vcc = Substrate Voltage) 

Operating Temperature (T,)= 0°C to +70°C 


*Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied—operating ranges are specified 
below. 


**Typii 
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{ he 
| AY-5-3600 big oe 
x 
| ELECTRICAL CHARACTERISTICS 
Characteristics Conditlons $ 
around ‘7 
unched Clock Frequency See Block diagram footnote” ‘ iJ iT 
spare a ae. for typical R-C values 3 
4 to the External Clock Width 
Clock Input 
quest. Data Input 
{Shift, Control, 
Complement Control, 
Lockout/Rollover, 
Chip Enable 
& External Clock) 
0) and, if Logic “O” Level v 
| Logic “1” Level Vv 
| Shift & Control Input 
a t Current HA Vi=+5V 
X Output (X_-X,) 
uired to Logic “1” Output Current BA Vout = Vcc (See Note 2) 
H pA Vout = Vec—1.3V 
| pA Vout = Vec-2.0V 
BA Vout = Vec-5V 
pA Vou = Vec—10V ¥ 
Logic “0” Output Current pA Vout = Vec ‘ 
pA Vout = Ver“1.3V 
| pA Vout = Vcc—2.0V ' 2 
BA Vour = Vec-5V ' 4 
i pA Vout = Vec—10V 
i Y Input (¥,-Y,) ; 
Trip Level Vv Y Input Going Positive (See Note 2} ’ 
Hysteresis Vv (See Note 1) , 
Selected Y Input Current pA Vin = Vee 5 
BA Vin = Vec—1.3V r 
uA Vin = Voc—2.0V 
pA Vin = Vec-5V 
pA Vin= Vcc—10V 
Unselected Y Input Current BA Vin = Vee 
5 pA Vin = Vec—1.3V 
pA Vin = Vee—2.0V 
uA Vin = Vec-5V x 
pA Vin = Vec—10V y 
Input Capacitance pF at OV (All Inputs) : 
a | X-Y Precharge 
Characteristics V=Vec 
t V =Vcc—5 (See Note 2) 
| Switch Characteristics 
l Minimum Switch Closure See Timing Diagram 
| Contact Closure 
H Resistance 
| 
| Strobe Delay 
H Trip Level (Pin 31) . 
| Hysteresis (See Note 1) 
Quiescent Voltage (Pin 31) With Internal Switched Resistor 
Data Output (B1-B10), 


Any Key Down Output, 
Data Ready 


Logic “0” : lo. = .25mMA 
In = 1.6mMA 
Logic “1” lon = .95mMA 
Power 
lee Vec = +5V 
toc Voc = -12V " 


**Typical values are at +25°C and nominal voltages. 
NOTE 

!.Hysteresis is defined as the amount of return required to unlatch an input. 

2. Precharge of X outputs and Y inputs occurs during each scanned clock cycle. 


AY-5-3600 


OPERATION 


The AY-5-3600 contains (see Block Diagram) a 3600 bit ROM, & 
stage and 10-stage ring counters, a 10 bit comparator, timing 
circuitry, a 90 bit memory to store the location of encoded keys 
for n key rollover operation, an “externally controllable delay 
network.for eliminating the effect of contact bounce, an output 
data buffer, and TTL/DTL/MOS compatible output drivers. 


The ROM portion of the chip is a 360 by 10 bit memory arranged 
into four 90-word by 10-bit groups. The appropriate levels on the 
Shift and Control Inputs selects one of the four 90-word groups; 
the 90-individual word locations are addressed by the two ring 
counters. Thus, the ROM address is formed by combining the 
Shift and Control Inputs with the two ring counters. 

The external outputs of the 9-stage ring counter and the external 
inputs to the 10-bit comparator are wired to the keyboard to form 
an X-Y matrix with the 90-keyboard switches as the crosspoints. 

In the standby condition, when no key is depressed, the two ring 
counters are clocked and sequentially address the ROM, thereby 
scanning the key switches for key closures. 

When a key is depressed, a single path is completed between one 
output of the 9-stage ring counter (XO thru X8) and one input of 
the 10-bit comparator (Yo-Y¢). After a number of clock cycles, a 
condition will occur where a level on the selected path to the 
comparator matches a level on the corresponding comparator 
input from the 10-stage ring counter. 

N KEY ROLLOVER 

— When a match occurs, and the key has not been encoded, the 
switch bounce delay network is enabled. If the key Is still de- 


TIMING DIAGRAM 


SWITCH 
CLOSURE 


pressed at the end of the selected delay time, the code for the 
depressed key is transferred to the output data buffer, the data 
ready signal appears, a oneis stored in the encoded key memory 
and the scan sequence Is resumed. If a match occurs at another 
key location, the sequence is repeated thus encoding the next 
key. If the match occurs for an already encoded key, the match is 
not recognized. The code of the last key encoded remains In the 
output data buffer. m 


N KEY LOCKOUT 

— When a match occurs, the delay network is enabled. if the key 
is still depressed at the end of the selected delay time, the code 
tor the depressed key is transferred to the output data buffer, the 
data ready signal appears and the remaining keys are locked out 
by halting the scan sequence. The scan sequence ig resumed 
upon key release. The output data buffer stores the code of the 
last key encoded. 


SPECIAL PATTERNS 
— Since the selected coding of each key and all the options are 
defined during the manufacture of the chip, the coding and 
options can be changed to fit any particular application of the 
keyboard. Up to 360 codes of up to 10 bits can be programmed 
into the AY-5-3600 ROM covering most popular codes such as 
ASCII, EBCDIC, Selectric, etc., as well as many specialized 
codes. The ASCII code in conjunction with internal oscillator, 10 
data outputs and any key down output, is available as a standard 
pattern (See Figure 2). 
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MINIMUM SWITCH CLOSURE 
90 CLOCK CYCLES 
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KEY 
CLOSURE 
DATA READY 
STROBE 
DATA 
OUTPUT 


ANY KEY 
DOWN 


n KEY 
ROLLOVER 


RESETS AT FIRST Xo Yo 
AFTER FIRST Xi Yi 


RESUME SCAN FOR—= 


nN KEY ROLLOVER | 


RESUME SCAN FOR 
n KEY LOCKOUT 


MINIMUM SWITCH CLOSURE « SWITCH BOUNCE + (90x4) + STROBE DELAY + STROBE WIDTH 


MAXIMUM 
EXPECTED 


| DETERMINED BY 
‘ EXTERNAL C 


DETERMI NEO, 


OF OPERATION 
(EXTERNAL RC) 


MINIMUM TIME 


CIRCUITRY 


OPTIONS 


Device 
Internal 
Any Key C 
Any Key ¢ 
Output 


OPTIONS PROVIDED WITH STANDARD ENCODER 
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Neotel. Bite 1 to 6 end bit 8 of the AY-5-3600 correspond to bits 1 to 7 of ASC II, 
. 


Note 2. Codes 0000011 snd 0011111 are not present in the standerd AY-6-3600 pattern. 


Fig.2 STANDARD AY-5-3600 CODE ASSIGNMENTS ASCII CODE 


Device Marking: AY-5-3600 

internal Oscillator on Pin Nos. 1, 2, 3 

Any Key Output on Pin No. 4 

Any Key Output True (Logic 1) During Key Depression 
Output Data Bit B10 on Pin No. 5 
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N-Key Rollover Only 


True Outputs Only Z 
Pulse Data Ready Signal 4 
Internal Resistor to Voo on Shift/Control Pin . 
Plastic Package : 
? 

8 
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Vv Fig.3 
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Gevice Mee COIR T— bewee"™ | 


“y" INPUT STAGE FROM KEYBOARD 


“x” OUTPUT STAGE TO KEYBOARD 
OuTPUT . 
INPUT Ty. static ‘ 
CHARGE 
PROTECTION 
DEVICE : 
Vee 


Yee ce 


| OUTPUT DRIVER 


\ NOTE: Output driver capable of driving one THe load with no 
external resistor. 
Capable of driving two TTL loads using an phere 6.8KD2 resis- 
tor to Vix. 


TYPICAL CHARACTERISTIC CURVES 


rl 

Ta 25C 

NOMINAL VOLTGE 
= DELAY 300nSEC Cp! 
0 10 


a qmS) 
Fig.4 STROBE DELAY vs. C, Fig.5 OSCILLATOR FREQUENCY vs. Cc; 


R* 100KN 


CAPACITANCE (uF) 
CAPACITANCE (pF) 


FREQUENCY (KHZ) 


NOMINAL SUPPLY VOLTAGE 


Ro tom) OMS 


TYP POWER mw 


30 25 20 15 10 § 
Ven VOLTS 


Fig.6 TYPICAL OUTPUT ON RESISTANCE 
(Roon) vs. GATE BIAS VOLTAGE (Vgs) 


TEMPERATURE °C 
Fig.7 TYPICAL POWER CONSUMPTION (mW) 


AY-5-3600-PRO 


Keyboard Encoder and PROM/EPROM Application 


The AY-5-3600-PRO is pre-programmed during manufacture to 
provide specific yet simple binary coded outputs thus allowing 
the purchase of off-the-shelf devices (distributors, etc.). To 
enhance the device flexibility, the binary outputs have been 
organized to provide direct interface with a PROM/EPROM. 


AY-&-3600-PRO 
KEYBOARD 


ENCODER 
ROM 


The PROM (Programmable Read Only Memory) permits the 
programming of the required output code in the factory or the 
field within minutes, thus making it extremely suitable for small 
quantity, fast turnaround keyboard requirements. The EPROM 
(Erasable Programmable Read Only Memory) is ideally suited for 
prototyping, where patterns are quite variable, allowing the 
EPROM to be erased and reprogrammed repeatedly. Similar 
advantages are realized in the tield where pattern changes are 
necessary in order to respond to redefined requirements or to 
subtle system peculiarities not previously encountered. 


Technical Description 


The AY-5-3600-PRO is a binary coded MOS-LSI device 
Programmed to furnish 360 unique 9-bit codes (90 keys * 4 
modes « 9 bits). Option selections include such popular 
functions as Internal Oscillator, Lockout/Rollover and an Any 
Key Down output. For further, more explicit device 
characteristics refer to the preceding pages. The internal 
osciltator is a self contained (on-chip) circuit option which 
eliminates the need for any external clock source. For applica- 
tions necessitating an external clock source the internal 
oscillator input pins may be utilized to function in the slave mode 
of operation. Lockout or Rollover is selectable via an input pin, 
thus allowing the versatility required on various keyboard 
applications. The Any Key Down output performs the function of 
a gating signal by acknowledging both a key depression and 
release, making it a convenient signal for use in a repeat 
application. 


For ease of translation, each key is assigned an X-Y coordinate 
and, in turn, each X-Y coordinate has been identified with a 


specific yet simple binary coded output. Two formats are 
described: the first for application with a 64 key 4 mode keyboard 
and the second for a 90 key 4 mode keyboard. 

The 64 key 4 mode application as illustrated in Fig. 8 utilized 
keyboard encoder addresses XO YO thru X6 Y3. A unique 
combination of one input (Y) and one output (X) is assigned to 
each key, for a total coverage of 64 keys. Binary coded outputs 
B2-B9 have been arranged to provide the necessary 8-bit address 
inputs to the PROM/EPROM, with B2 and B3 representing the 
variable mode identification and B4-B9 each specific key 
closure. 

When a key is depressed a path is completed between one X line 
and one Y line thus addressing that specific X-Y ROM coordinate 
in the AY-5-3600-PRO. The 8-bit binary code for that X-Y location 
(ref. Truth Table page 14-15) is transferred into a one character 8- 
bit output latch (B2-B9) thus providing the appropriate 8-bit 
address to the 256 x 8 PROM/EPROM. 

Expansion to a 90 key 4 mode operation (see Fig. 9) is identical to 
the 64 key 4 mode except: the 90 key 4 mode version utilizes the 
full complement of addresses XO YO thru X8 Y9 (90 keys). The 8- 
bit binary code (82-B9) previously produced to address the 
256 x 8 PROM/EPROM is now expanded to a 9-bit binary code 


(B1-B9) for addressing to a §12 x 8 PROM/EPROM. With expan- _ 


sionto a 90 key 4 mode application outputs B1-B3nowserve asthe 
variable mode identification. 

The interface to a PROM/EPROM enables the custom 
programming of the required output data in the PROM/EPROM 
to directly coincide to the specific address inputs from the AY-5- 
3600-PRO. Any PROM whether it be bipolar, ultraviolet erasable 
or electrically alterable, may be employed to provide a wide 
variety of “off-the-shelf” keyboards. Once the keyboard 
assembly has gone beyond the prototyping stage, and assuming 
the quantity/cost permit, the PROM/EPROM data can be 
converted to the standard AY-5-3600 data format (ref. AY-5-3600 
Custom Coding Information sheet) and produced in production 
quantities. This eliminates the PROM/EPROM expense while 
assuring the absence of undefined coding changes. 


Summary of important Features 


8 Ability to deliver complete keyboard assemblies within days 
without sacrificing the features offered in the AY-5-3600 
Keyboard Encoder 

® Ability to buy off-the-shelf devices (distributor, etc.) 

@ Ability to verify the specific pattern format using a PROM/ 
EPROM prior to a ‘custom’ encoder commitment 


= areata a= 


a oad 


) AY-5-3600-PRO ES } { 
| OPTIONS 

| 
@ Device Marking: AY-5-3600-PRO @ Any Key Output on Pin No. 5. i 
@ Internal Oscillator on Pin Nos. 1, 2,3 Any Key Output True (Logic 1) During Key Depression ' 
| ® Lockout/Rollover on Pin No. 4 @ Pulse Data Ready Signal if 
i Internal Resistor to Vop on Lockout/Rollover Pin @ Plastic Package = ie 
a @ True Outputs Only ®& Internal Resistor to Vop on Shift/Contro! Pin 
| 
in 
001000000 | 010000000 011000000 000101101 001101101 | 010101101 011101101 : 

| 00000001 001000001 | 010000001 011000001 0001011910 001101110 | 010101110 011101110 
: 000000010 001000010 | 010000010 011000010 000101111 001101111 | 010101111 COREC TERE | 
000000011 001000011 | 010000011 011000011 000110000 001110000 | 010110000 011110000 
} 000000100 001000100 | 010000100 011000100 000110001 001110001 | 010110001 031110001 , 
/ 000000101 001000101 | 010000101 011000101 000110010 001110010 | 010110010 011110010 | 
| 000000110 001000110 | 010000110 011000110 000110011 001110011 | 010110011 011110011 | 
000000111 001000111 | 010000111 011000111 000110100 001110100 | 010110100 011110100 : 
000001000 001001000 | 010001000 | 011001000 000110101 001110101 | 010110101 011110101 i 
000001001 001001001 | 010001001 011001001 000110110 001110110 | 010410110 011110110 } 

000001010 001001010 | 010001010 011001010 000110111 001110111 | 0109710111 011410111 
000001011 001001011 | 010001011 011001011 000111000 001111000 | 010111000 011111000 4 
000001100 001001100 | 010001100 011001100 000111001 001111001 | 010111001 011111001 | 
000001101 001001101 | 010001101 011001101 000111010 001111010 | 010111010 011111010 j 
000001110 001001110 | 010001110 011001110 000111011 001111011 | 010911011 019911011 ' 
000001111 001001111 | 010001111 011001111 000111100 001111100 | 010111100 011111100 t 

000010000 001010000 | 010010000 011010000 “43 000111101 001111101 1010111101 011111401 

000010001 001010001 | 010010001 011010001 000111110 001111910 | 010111110 011191110 
000010010 001010010 | 010010010 011010010 000111111 001191411 | 010119111 O1neditit ; 

0000100114 001010011 | 010010011 011010011 100000000 101000000 | 110000000 141000000 

000010100 001010100 | 010010100 011010100 100000001 101000001 | 110000001 111000001 

000010101 001010101 | 010010101 011010101 400000010 101000010 | 110000010 111000010 
000010110 001010110 | 010010110 011010110 100000011 101000011 | 110000011 111000011 } 
000010111 0010101191 | 010010111 011010111 100000100 101000100 | 110000100 111000100 ; 
000011000 001011000 | 010011000 011011000 100000101 101000101 | 110000101 119000101 j 

000011001 001011001 | 010011001 011011001 100000110 101000110 | 110000110 111000110 

000011010 001011010 | 010011010 011011010 F 100000111 101000111 | 110000111 411000111 
000011011 001011011 | 010011011 011011011 100001000 101001000 | 110001000 111001000 i 

000011100 001011100 | 010011100 011011100 100001001 101001001 | 110001001 111001001 

000011101 001011101 | 010011101 011011101 400001010 101001010 | 110001010 111001010 

000011110 001011410] 010011110 011011110 400001011 101001011 | 110001011 111001011 

000011141 001011111 | 010011111 011011111 100001100 101001100 | 110001100 111001100 

000100000 001100000 }| 010100000 011100000 100001101 101001101 | 110001101 411001101 

000100001 001100001 | 010100001 011100001 ‘ 100001110 101001110 | 110001110 911001110 

000100010 001100010 | 010100010 011100010 100001111 101001111 | 110001111 119001911 
000100011 001100011 | 010100011 011100011 100010000 101010000 | 110010000 141010000 ' 
000100100 001100100 | 010100100 011100100 100010001 101010001 | 110010001 111010001 | 
000100101 001100101 | 010100101 011100101 100010010 101010010 | 110010010 111010010 j 

000100110 001100110 { 010100110 011100110 100010011 101010011 | 110010011 111010011 

000100111 001100111 | 010100111 011400111 100010100 101010100 | 110010100 111010100 

000101000 001101000 | 010101000 011101000 100010101 101010101 | 110010101 111010101 

000101001 001101001 | 010101001 011101001 100010110 101010110 | 110010110 111010110 

000101010 001101010 | 010101010 011101010 100010111 101010111 | 110010111 111010111 

000101011 001101011 | 010101011 019101011 100011000 101011000 | 110011000 111011000 

t 000101100 001101100 | 010101100 011101100 100011001 101011001 | 110011001 113011001 
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Hf LM122/LM222/LM322, LM 2905 recision Timers 


General Description 


de The LM122 series are precision timers that offer 

great versatility with high accuracy. They operate 

with unregulated supplies from 4.5V to 40V while 

~ maintaining constant timing periods from micro- 

") seconds: to hours. Internal logic and regulator cir- 

4 of “cuits complement the ~basic timing function 

gnabling. the LM122 series to operate in many 

) © different applications with a minimum of external 
Fe components. 


The output of the timer is a floating transistor 
D) with built in current limiting. It can drive either 
> @ound referred or supply referred loads up to 40V 

and 50 mA, The floating nature of this output 

makes it ideal for interfacing, lamp or relay driv- 
ra, and signal conditioning where an open col- 
lector or emitter is required. A “logic reverse” cir- 

Cuit can be programmed by the user to make the 
> output transistor either “on” or “off” during the 
> timing period. 

+ 


The trigger input to the LM122 series has a thresh- 

old of 1.6V independent of supply voltage, but it 

_ is fully protected against inputs as high as +40V — 

| even when using a 5V supply. The circuitry reacts 

"only to the rising edge of the trigger signal, and is 

~ immune to any trigger voltage during the timing 
_ Periods. 


rl 
Ad internat 3.15V regulator is included in the 
timer to reject supply voltage changes and to pro- 
Wide the user with a convenient reference for appli- 
Cations other than a basic timer. External foads up 

%2 5 mA can be driven by the regulator. An inter- 

nal 2V divider between the reference and ground 

Sts the timing period to 1 RC. The timing period 

_ S8n be voltage controlled by driving this divider 


“ q Typical Applications 


OUTPUT 
LOGIE TED TE Vage 


wo 


ourryT 
LOGI THO TE Gao 


with an external source through the Vapy pin. 
Timing ratios of 50:1 can be easily achieved. 


The comparator used in the LM122 utilizes high 
gain PNP input transistors to achieve 300 pA typi- 
cal input bias current over a common mode range 
of OV to 3V. A boost terminal allows the user to 
increase comparator operating current for timing 
Periods less than 1 ms. This lets the timer oper- 
ate over a 3us to multi-hour pining range with 
excellent repeatability. 


The M122 operates over a temperature range of 
55°C to +125°C. An electrically identical LM222 
is specified from —25°C to +85°C, and the LM322 
is specified from 0°C to +70°C. The LM2905/ 
M3905 are identical to‘'the LM122 series except 
that the boost and Vapy pin options are not 
available, limiting minimum timing period to 1 ms. 


Features 


| Immune to changes in trigger voltage during 
timing interval 


® Timing periods from microseconds to hours 
Internal légic reversal 


@ Immune to power supply ripple during the 
timing interval 


Operates from 4.5V to 40V supplies 

® Input protected to +40V 

& Floating transistor output with internal current 
limiting 

@ Internal regulated reference 

® Timing period can'be voltage controlled 

@ TTL compatible input and output 


“One Hour Timer with Reset snd Manual Cycle End 


SO6EIN T/SOBZINT ‘ZZEIN TIZZZIN 2Z1 INT 


Absolute Maximum Ratings ares 
Power Dissipation r Operating Temperature Range . 
V* Vottage ; G LMI2Z225 5 8: 
Collector Output Voltage . ~  LM222 f 

Vrer Current c; : 7 4 LM322- > 

Trigger Voltage y LM2905 « 

Vans Voltage (Forced) LM3905y639> jenn 


Logic Reverse Voltage : 
Output Short Circuit Duration (Note 1) ay 
Lead Temperature (Soldering, 10 sec) . 


Electrical Characteristics (note 2) 


as =a 
_-) PARAMETER CONDITIONS LM122/L M222 


Timing Ratio | Ta =25°C,4.5V<V* <40v | 0.626 ces 0.638 | 0. 0.832 0.644 
Boost Tied to V*, (Note 3) 0.620 0.632 0.644] 0. 0.632 0.644 


Comparator input Current Ta = 25°C, 4.5V<v* <40V 03 1.0 1s 
Boost Tied to V* 30 


Trigger Voltage Ta = 25°C, 4.5V<V* <40V F 1.6 
Trigger Current Ta = 25°C, VrRIG=2V 25 
Supply Current Ta>25°C, 45V<V* <40V 25 


Timing Ratio 45V<Vv*<40v 
Boost Tied to V* 


Comparator Input Current 45V< vt <40V 
Boost Tied to V*, (Note 4) - 


Trigger Voltage 45V <v* <40v 


LM122/LM222/LM322, LM2905/LM3905 


Trigger Current VTRIG = 2.5V 
Output Leakage Current VcE = 40V 
Capacitor Saturation Voltage | Ry > 1M2 
Rr = 10kQ 
Reset Resistance 
Reference Voltage Ta = 25°C 
Reference Regulation O<louT< IMA 
4.5V <Vv* <40v 
Collector Saturation Voltage | 1, =8mA 
I, = 50mA 
Emitter Saturation Voltage Ta 25°C, IL =3mA 
TA= 25°C, iL = 50mA 
Average Temperature 
Coefficient of Timing Ratio 
"Minimum Trigger Width VTRIG =3V 


Note 1: Continuous output shorts are not allowed. Short circuit duration at ambient temperatures up to 40°C may be calculated fromse! > | 
VcE seconds, where Vce is the collector to emitter voltage across the output transistor during the short. : 


Note 2: These specifications apply for Ta min < Ta < TAMAX Unless otherwise noted. a 


Note 3: Output pulse width can be calculsted from the following equation: t = (Ry)(C_y)f1 — 2(0.632 — +r) — Ve/VReF! where a tem 
and V¢ is capacitor saturation voltage. This reduces to t = (Rz)(C;) for all but the most critical applications. : 


Note 4: Sign reversal may occur at high temperatures (> 100°C) where comparator input current is predominately leakage. See 


Typical Performance Characteristics 


Comparator Bias Current Comparator Biss Current _ (eintzarewaaar ea z< @ | REFERENC! 


Pare] 


co 
If, © 200 pF 
COLLECTOS 


BIAS CURRENT (mA) 


BIAS CURRENT (nA) 
BIAS CURRENT (nA) 


COMPARATOR tNPUT VOLTAGE (V) COMPARATOR INPUT VOLTAGE (V) 
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DESCRIPTION 
Model 40J was designed to fill the need for a low-cost general-purpose /K 
differential FET-input operational amplifier with a minimum of perfor- 
mance compromises. As will be seen in the table below, it turns out to 
be a “Best Buy” when its salient specifications are compared with those LOW COST FET OP—AMP 
of two competitive discrete FET-input op amps, a “super-beta” I.C., and 
the 118A, ageneral-purpose bipolar-input modular operational amplifier. 


GENERAL PURPOSE 


Because of its low cost, Mode! 40J is a natural first choice for applica- 
tions requiring FET-input amplifiers, or where marginal bias current 
specifications of available low-cost bipolars have in the past fed to per- FEATURES 

formance compromises for the sake of cost. This new low cost even <a 

makes it feasible to think in terms of stocking Model 40J, and buying 

bipolar-input types only for those exceptional cases where their charac- Voltage Drift + 50uV/°C max 
teristics are entirely adequate. 


Where higher performance is required, Model 40K provides 20 pA of Bias Current SOpA max 
bias current and 20uV/°C drift at only $19.00 (1-9). For even more Bandwidth 4MHz 
demanding applications, Analog Devices offers a broad line of FET op 

amps offering tighter specifications on key parameters. Examples are: Slew Rate , 6V/usec 

Low voltage drift 2uV/°C (Model 146), high common-mode rejection A 

40,000 (Model 143), ultra-fast response 0.8 and 1.5us to 0.01% (Models Low ivalee any rims 

45 & 149), and miniature hybrid TO-8 construction (Model M501). Low Cost (1-9) $12.00 (40J) 


WHERE TO USE MODEL 40 

FET op amps are usually the best choice when the amplifier’s signal in- 

put comes from a high-impedance source (such as a photomultiplier), est 
where extremely high input impedance is desired to minimize loading 
of a signal source (for example, measuring voltage across an unknown 
impedance), or for the measurement of very small currents. The bene- 
fits of FET op amps in these applications are manifest in two ways: 

1. Input impedances are high. High input impedance is especially 
useful in such non-inverting applications as buffer amplifiers and mod- 
erate speed sample-holds, and in inverting applications requiring large 
values of feedback resistance, including integrators and differentiators 
for slowly-varying signals. 

2. Bias currents are low. (Bias currents are the small leakage currents 
which flow through the input terminals). This allows accurate measure- 
ment of small currents, and also reduces that component of output 
voltage drift due to the voltage drop of bias current in feedback circuit 
resistors. It also allows the design of integrator circuits having low 
drifts and sample-hold circuits with excellent ability to retain charge. For 
example, in an integrator application at room temperature, employing 
Mode! 40J, the rate of leakage across a 1.0uF capacitor in HOLD will 
be less than 50x 10° = /(1.0x 10 ) = S5QuV per second. That capacitor, 
if charged to +10V, would lose less than 0.1% of its charge (i.e., 10mV) 
in 200 seconds (assuming that the capacitor’s own time constant were APPLICATIONS 
greater than 0.2 million seconds, circuit leakage resistance were better 
than 200 kMQ, etc.). 


a 


DEVICES 


High Impedance Buffer Amplifiers 


SALIENT SPECIFICATIONS OF TYPICAL ALTERNATIVES ~ 
; Precision Integrators 


Sample-and-Hold Circuits 


250k 
pietiged Picoamp Current Measurements 
100 (INV) 


221 FIFTH ST., CAMBRIDGE, MASS. 02142 
TEL: 617/492-6000 TWX: 710/320-0326 


*Published specifications available November, 1969 , 


CO48a - 50 - 5/70 PRINTED INUSA. 
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OPEN LOOP 


= MODEL 40J/K 


*Specifications same as for Model 40J. 


1 Analog Devices part no. 79PR 1K $3.00 (1-9) 


2 CMAR of 74dB min @ +10V, specify model 40JV, $3.00 additional {1-24} 
3 Same specification available -25°C to +85°C. Consult factory or your nearest 


Analog representative about Model 40A. 


Specifications subject to change without notice. ‘ 


“GENERAL PURPOSE-LOW COST FET OP-AMP — 
ps ri : ‘ FREQUENCY RESPONSE 
SPECIFICATIONS {typical @ 25 C and +15VDC unless otherwise noted) ~ 
MODEL é 405 40K 
OPEN LOOP GAIN 
dc rated load, min 5x10* * 
dc 10k load 2x10° : 
RATED OUTPUT | i 
Voltage, min +10V ie < 
_Current, min +5mA a 8 
Load capacitance range 0.005uF * | 
FREQUENCY RESPONSE 3 
Unity gain, smail signal 4MHz = 
Full power response, min 100kHz 7 
Slewing rate, min 6V /usec i 
Overload recovery 4usec = 
INPUT OFFSET VOLTAGE 10° 10° 107 10% 10% 10° 10° 107 
External trim pot 1k! 7 FREQUENCY—HERTZ 
Initial offset, 25°C ht aaa * i 
Avg. vs. temp (+10° to +60°C) max +50uV/°C? +20uV/°C 
vs. supply voltage +50uV/% * OUTLINE DIMENSIONS 
vs. time ~ +250uV /month : po} 
INPUT BIAS CURRENT a 
Input bias, 25°C, max (0,-) 50pA (0,-) 20pA 0.5 | MODEL 40J/K 
Avg. vs. temp doubles every+10C * 
vs. supply voltage +1 pA/% = 
INPUT DIFFERENCE CURRENT ae 
Initial difference, 25°C +25pA +10pA 040 DIA 
Avg. vs. temp doubles every+10°C * — 0.20 MIN., 0.25 MAX. 
INPUT IMPED ANCE 
© Differential 107192 11 3.5pF = 
Common mode 1077 Il 3.5pF 3 
££ INPUT NOISE 
Voltage, 0.01 to 1Hz, p-p 6yuV = 
5 to 50kHz, rms 3uV a 
Current, 0.01 to 1Hz, p-p 0.1pA = 7 
INPUT VOLTAGE RANGE . BOTTOM VIEW —-| k 0.1 GRID 
Common mode voltage, min *Note: Common supply connection not nec- 
(1% error) +8, -10V i essary within the amplifier. 
Common mode rejection? @+8, -10V 80dB * Je x ternal variable resistor is used to zero the 
Max. safe differential voltage +15V = amplifier. Fixed 500-ohm resistor gives : 
, nominal zero (+ 2 mV). If no resistor desired, 
POWER SUPPLY connect pclae be ee iets hi rie 
Voltage, rated specification +15V ‘a unit operates, but with considerable offset. 
V oltage, derated specification +(12 to 18)V MATING SOCKET 
Current, quiescent 5.5mA AC 1003 
TEMPERATURE RANGE PRICE (1-9) $2.75 
Rated performance +10° to +60°C. a 0.140 DIA. 
Operating -25 to+85°C bi C'SNK 
Storage ~55° to +125°C . 
MECHANICAL 
Case style - pin configuration M-2 * 5 
Mating socket AC 1003 = 
Weight 0.52 oz. 7 
PRICE 
1-9 $12.00 $19.00 
10-24 $11.80 $17.10 


y 0.093 REF. 
5 a . 


ia a SOLDER LUG 


(NERSIL 


FEATU RES 


peak 


integrated Logic 
switching Speeds Less than 0.5.8 


Effective lds(ON) — 52 to 502 


Operation 


PIN CONNECTIONS 


1H5009 (Fos;on) S 1009) OUTLINE 
1H5010 (Fos;on) < 150M) ( ,OWSS 
14 PIN DIP — 


of 


| 

Liyj 
Vary 
ee ae 
6664 
1H5015 (foson) $ 1009) 
1H5016 (roson) = 1500) 


16 PIN DIP 


1H5021 (fps;on) < 1000) 
1H5022 (rosyon) = 1500) 
8 PIN DIP 


61 
(ote, Numbers in brackets refer to CERDIP packages.) 


es. He 
AN 


switches Analog Signals up to 20 Volts Peak-to- 


gach Channel! Complete — Interfaces with Most 


InOFF) Less than 500pA Typical at 70°C 


Commercial and Military Temperature Range 


1H5011 (fosion) = 1009) OUTLINE 
1H5012 (rosion < 1500) 


16 PIN DIP 


J 


1H5017 (fosion) 1009) / outune 
1H5018 (rpsion) = 1500) | Owcs 


8 PIN DIP 


3-91 


1H5009 — 1H5024 
Virtual Ground 
Analog Switches 


GENERAL DESCRIPTION 


The !H5009 series of analog switches were designed to fill 
the need for an easy-to-use, Inexpensive switch for both in- 
dustrial and military applications. Although low cost is a 
primary design objective, performance and versatility have 
not been sacrificed. 


Each package contains up to four channels of analog 
gating and is designed to eliminate the need for an exter- 
nal driver. The odd numbered devices are designed to be 
driven directly from TL open collector logic (15 volts) 
while the even numberéd devices are driven directly from 
low level T2L logic (5 volts). Each channel simulates a 
SPDT switch. SPST switch action is obtained by leaving 
the diode cathode unconnected; for SPDT action, the 
cathode should be grounded (OV). The parts are intended 
for high performance multiplexing and commutating 
usage. A logic “0” turns the channel ON and a logic ‘1" 
turns the channel! OFF. 


ee wr es, 


1H5013 (fpsionyS 1000) += /outuine 
1H5014 (tosion) 51502) \ oY25)- 


DE, PE, JE 
14 PIN DIP 


= RS ae sition 
VELA, ee ete ey 


1H5020 (fos;ony 1500) { OwGs 2 


———e 8 PIN DIP 


° : 

1H5019 (Fos;on) = 1000) | i 
: 

fe 
, 


1H5024 (ros;on) = 1500) ( Owes 
8 PIN DIP DE FA 


' : 

| 

1 

3 | | 
i 


i 
a | 
1H5023 (rosion) = 1000) (ee . 
{| 


Po es 
ngs 


iIH5009 — IH5024 
ABSOLUTE MAXIMUM RATINGS 


INTERSIL 


Operating Temperature 


5009C Series........ ee a°Cto +70% 

Positive Analog Signal Voltage.....-..---eseeeeereee 30V -5O009M Series..........--- ceceeeeee ~55°C tO + 125% 

Negative Analog Signal Voltage. ....--.------ser0 ria Lead Temperature (Soldering, 10 sec) ...... veeeees 300% 
10m 


Diode Current ..........-0ce ener ence eee pececneees 
Power Dissipation (Note).....-..--.seneeeeeeeeee 500mw 
Storage Temperature ......------++++ —65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ......--.+++- 300°C 


Stresses above those listed under Absolute Maxim 


stress ratings only, and functional operation of the device at these or any other con 


operational sections of the specifications is not implied. Exposure 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (per channel) 


NOTE: Dissipation rating assumes device is moun 
or soldered to printed circuit board in am! 
75°C. For higher temperature, derate at rate of Smwiec. 


SPECIFICATION LIMIT 


TEST 
CONDITIONS 


| Vinton) _[Channe! Controt Vottage-ON 
incon [rant Conve! Voge on [57 Loic Gs] Sew awe 6 Nowe 


5V Logic Ckts| See Figure 5, Note 3 
See Figure 6, Note 3 


VIN = OV, Ig = 1mA 


Vin 20V. Is = 1mA 


Vin = OV, Ig = 2mA 


Vin © OV, Ig = 2mA 


Ip =2mMA, Vi = 0.5V 


ip =2mA, Vin = 15V 


See Figures 3&4 


NOTE 1: (OFF) and (ON) subscript notation reters to the conduction state of the FET switcn for the giver ‘esi. 


NOTE 2 Refer to Figure 2 tor definition of terms. 


NOTE $: Vinony 890 Vinorr are test conditions guaranteed by the tests of respectively fpsion) and Iporrr 


NOTE 4: “5V Logic CKTS” applies to even-numbered devices. 
“15V Logic CKTS" appiles to odd-numbered devices. 


ORDERING INFORMATION 


’ 


PA — 8PIN PLASTIC DIP 

PD — 14-PIN PLASTIC DIP 

PE — 16-PIN PLASTIC DIP 

DD — 14-PIN CERAMIC DIP (Special Order Only) 
PACKAGE —| DE — 16-PIN CERAMIC DIP (Special Order Onty) 

JD — 14-PIN CERDIP 

JE — 16-PIN CERDIP 


IHSOXX ™ DE 


| TEMPERATURE RANGE 
M = MILITARY (-55°C to +125°C) 
C = COMMERCIAL (0°C to +70°C) 
BASIC PART NUMBER 


3-92 


JD,D0,PD 
JD,D0,.PD * 
JE,DE,PE 
JE,DEPE 
JD,DD,PO 
JD,DD,PO 


pe | ere 
pas 
ee 


JD,OD.PA 
JD,DD,PA 


NOTE: Mil-Temperature range (55°C to +125°C} available 
ceramic packages only. 


um Ratings may cause permanent damage to the device. These ar. 
ditions above those indicated in the 


to absolute maximum rating conditions for extendeg 


ted with all leads weldeg _ 
bient temperature beiog q 


iH5009 
TYPICAL 


‘OD re ~ LEAR AGE CURRENT | OF toa) 


Rosion) VS. TEMPE 
(NORMAL IZED TO 


re) < 
TEMPERATUR 


1H5009 (tps,on 
1H5010 (rps.on: SI 
14 PIN DI 


1H5017 (rpson) 
1H5018 ("nson 
8 PIN DI 


RS 


with all leads 


board ent temperatire 
derate Bi fate of SmWI*C. 


ge to the device. These 
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5009 — INS024 


tovonn ¥5- ig Al ae sa Joionl VE: TEMPERATURE 
eS SS5.— 
gl BSSSSE25 & 
f epee eo 5 1 
: eer. oa z 
« 
jot. 
SSSS2=== 8 
2=S>S5=>== : 
| et = 100 
= AV F 
- ' 
rf TLV Se § 
z we 19 = 18 20S 4 2s ey 
? ba 1, - SOURCE CURRENT (ma) = TEMPERATURE ('C) 


a , VS TEMPERATURE 


pre) CROSSTALK AS A FUNCTION 
@ORMALIZED TO 25 C VALUE) 


OF FREQUENCY 


Pec CREA IF © 
CROSSTALK [dB} 


100) 01K 
FREQUENCY (Hz) 


DEVICE SCHEMATICS AND PIN CONNECTIONS 
FOUR CHANNEL 
1H5039 (Fpsiony S 10082) 


115010 (toson) S 15022) 
14 PIN DIP 


1H5011 (fosion) = 10082) 
1H5012 (toscon) $ 15082) 
16 PIN DIP 


TWO CHANNEL 


1H5017 (rpsiony < 1000) 
$H5018 (tosion) $ 15082) 
8 PIN DIP 


1H5019 (fosion) = 1009) 
1H5020 (roson) < 1501) 
8 PIN DIP 


INTERSIL 


ryPicAL ELECTRICAL CHARACTERISTICS (per channel) 


iotorr) VS. TEMPERATURE 


tp jorF) ~ LEAKAGE CURRENT - OFF (pA) 


TEMPERATURE (°C) 


CROSSTALK.MEASUREMENT CIRCUIT 


10 kv 


+5vV (5010 ETC) 
+ 15V (5009 ETC) 


THREE CHANNEL 


1H5013 (fps;on) S 10022) 
1H5014 (Fogcon) S$ 15092) 
14 PIN DIP 


1H5015 (rosioNn) s 10012) 
1H5016 (rpgioNy = 15012) 
16 PIN DIP 


SINGLE CHANNEL 


1H5021 (tps;on) < 1002) 
145022 (tosion) < 1500) 
8 PIN DIP 


1H5023 (toscony < 1002) 
1H5024 (togion) S 1509) 
8 PIN DIP 


[NMERSIL 1H5040-IH5051 Family | || 
Sug Highlevelcmos | 
BOt | Analog Gates || 


FEATURES GENERAL DESCRIPTION” ~ 


Switches Greater Than 20Vpp Signals With +15V Supplies The 1H5040 family of solid state analog gates are designed 
e@ Quiescent Current Less Than 1A using an improved, high voltage CMOS monolithic tech- 
e Overvoltage Protection to +25V nology. These devices provide ease-of-use and perform- 
eis i ailable from solid state 

‘ _M 0 t ance advantages not previously avai ; : 
af Branle Selory- Make Switching tog 200 TE0c, toy GOD nsec switches. This improved CMOS technology provides input 


Laer CMOS, PMOS Compatible overvoltage capability to +25 volts without damage to the 


b ° A ‘ device, and destructive latch-up of solid state analog gates 
» Non-Latching ad ci has been eliminated. Early CMOS gates were destroyed when 
@ Low4pS{on) — Power supplies were removed with an input signal present. 
eo New DPDT & 4PST Configurations The !H5040 CMOS technology has eliminated this serious 
p Complete Monolithic Construction systems problem. 


1H5040 through |H5047 


FUNCTIONAL DIAGRAM 


Key performance advantages of the 5040 series are TTL 
compatibility and ultra low-power operation. The quies- 
cent current requirement is less than 1A. Also designed 
into the 5040 is guaranteed Break-Before-Make switching, 
which is accomplished by extending the to, time (300 nsec 
TYP.) so that it exceeds tog time (200 nsec TYP.). This 
insures that an ON channel! wil! be turned OFF before an 
OFF channel can turn ON. This eliminates the need for ex- 
ternal logic required to avoid channel to channel shorting 
during switching. 

Many of the 5040 series improve upon and are pin-for-pin 
and electrical replacements for other solid state switches. 


[i eee 


= Tau 
| | OUTPUT 


FUNCTIONAL DESCRIPTION 


PIN/FUNCTIONAL 


i 
INTERSIL - EQUIVALENT ; q 
PART NO. TYPE DS(on} (Note 1} i i. 4 
LADDER | 
a IH5040 SPST 752 ii 
1H5041 Dual SPST 752 ae 
1H5042 SPDT 752 * DG 18BAA/BA i 
1H5043 Dual SPDT 76Q DG 191AP/BP i } : 
1H5044 DPST 752 i. 
tH5045 Dual DPST 752 DG 185AP/BP | 
1H5046 DPDT 752 ' 
1H5047 4PST 762 | 
1H5048 Dual SPST 352 : 
DT to Drive’ , (H5049 Dual OPST 362 DG 184AP/BP ! 
weninniunte iow FIGURE 1. TYPICAL DRIVER, GATE — 1H5042 1H5050 ; SPOT 352 DG 187AA/BA. } : 
1H5051 Dual SPDT 352 DG 190AP/BP 1 7 
ORDERING INFORMATION i : 
' NOTE 1. See Switching State diagrams for applicable package ie : 
1H5040 Mo JE equivalency. te ? 
ae s it : 
Hee oe Ceramic DIP (Special Order Only) Pin and functional equivalent monolithic versions of the DG181, 4 ! f 
FE — 16-Pin Fletpak DG182, DG187 and DG188 are available. See data sheet for | * 
JE — 16-Pin CERDIP this and also 1H181 to IH191, 
“PE — 16-Pin Plastic DIP - ie) - 
TW TO-99 Meta! Can (145041/2, 1H5044, } , 
1H504B, 1H5050 Onty} j e 4 
Temperature Range ot 7 
M — Military -55°C to +125°C H : 
Cc — Commercial 0°C to +70°C t 
Basic Part Number HB 3 ‘| : 
re . 
tf 


3-103 ve 4 


1H5040-IH5051 Family INTERSY, 


ABSOLUTE MAXIMUM RATINGS 


vi-v- <33y 
Current (Any Terminal) .........-2.0-220-5 <30mA vite Vp <30y 
Storage Temperature...........-. 65°C to +150°C Vp-V- <30y 
Operating Temperature .........--- -55°C to +125°C Vp-Vs <+22y 5 
Power Dissipation ........-2--2-220+0+++- 450mW VL-V- <33y 3 
(All Leads Soldered to a P.C. Board) VL-VIN <30y 4 . © a 
Derate 6mW/°C Above cial . VL-GND <20v # 3 a= 
Lead Temperature (Soldering, 10sec)........-- 300°C ; Vin-GND <20y mal 


Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress 
ratings only, and functional operation of the device at these or any other conditions above those indicated in the operational 
sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affery 
device reliability. 


ELECTRICAL CHARACTERISTICS (@25°c, vt =+15V, V~ =-15V, VL=+5V) 


PER CHANNEL | 
MILITARY COMMERCIAL | RE 
Gunacrnene | oe] we [mel © | we | woe | Test conDiTiOns fm 
UNION) feput Logic Current : ’ 1 1 1 Vig? 24 Note t { i 
190 
lintOFF) trput Logic Current Vie 2 O8 V Nowe T { | 
TDS(on) | Oree—Source On 75135) 80145! 130 145) {1H5048 Thry IH5O51) Ig © TMA, =” 
Resistance VaNALOG e1OViotlOV z 
i Ss wo 
ArpSion) | Channel to Channel 25115) 30118) 30115) (1H5048 thru IH5051) & 
Roston) Match p bg (Each Channell = 1 mA. © 
> 
VawacoG | Min. Analog Signet 2111470) £10t210) | «10f-10) ig = 10 mA (1H504B thru IH5051) 
Handling Capability 1 
| 
'DIOFF) Sweitch OFF Leakage uit 10011001 SiS) 100(100) VANALOG « -10 V 10 +10 V 
Current (1H5048 they 145051 ° 
'DIOND Switch On Leakage -2(2) 20012001 10410) 1010) | 10012001 Vn i Vg" -10Vt0% 10¥ } ’ 
*Iston) Current 7 (1H5048 thru 1H5051) . 
ton Sentch “ON" Time 500(250) = 5001300) RL = 1K. Vanacog > 1O¥ 
to +10 V See Fig A 
Swatch “OFF Teme 250(180) 2501150} AL = 1k Vawacog * -10¥ 
‘off to #10 V See Fig. A OFF tSOL 
(1H5048 thru (H5051) 120 
Quang Charge inaction 15 G0} 2040) See Fig B 
{1H5048 thru 1H5051) H 100 |-—~ 
OtRR Min. Off Isolation 50 $= 1 MHz, A, = 10082, Cy + SPF ] 
Fy Resection Ratio See Fig. C e 
lo + Power Supnly 10 i ' 
Quiescent Current ~ 
Ve — Power Supply 10 vt = 41S VV IS. Vy #5 _ * 
Quoescent Current vir thy < 
Via +5 V Supply 10 Swatch Duty Cycie < 10% > « . 
Qurescent Current bf 
Gnd Supply ws - 
GNO Guecent Current on 
ccRA Min. Channel to One Channel Of: Any Other . | ry 
Chennel Cross Channel Switches as per Fig. & d er OMe 
Coupling Reyectson i 
Ratio 


TEST CIRCUITS 
FIG. A FIG. B FIG. C 


ANALOG INPUT bd 
“Ov ANALOG INPUT 


il POWER SUPPL 
vs LOGIC 


SUPPLY) Kal 


5 ie ; : 
ai TL 
fe LOGIC INPUT 
oe ze { ) D _ i BD P 4 (NOTE 1 TD S M f ae i 
l 


4 

Loic LOGIC = « 

(NPUT Vout INPUT Your D Your r : 

1008 mn 10 000 too: . : 

TL aif : 

i ¢ : = 3 

wr NOTE 1: Some channels are turned on by high “1” logic inputs and other channels are turned on by low “0” inputs; however O.8V to 2.4V 4 & 


describes the min. range for switching properly. Refer to logic diagrams to see absolute value of logic input required to product 
“ON” or “OFF” state. zs 
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INTERES F 45040-IH5051 Family came 
SWITCHING STATE DIAGRAMS. —=~=~S~*~=“—~S*S*S*S*S*S*S*S*S~SCSSSS 


\TCH STATES (OUTLINE DWG (OUTLINE DWGS 
ARE FOR LOGIC "1" INPUT FE-2) DE, JE, PE) (OUTLINE DWG TO-100) 


_ 


spst 
145040 (rps{on) < 752} 


DUAL SPST 
145041 (rpS(on) < 752) 


brie spDT 
Loaic 1H5042 (rps{on) < 759) 
STROBE 
ra 
LOGrc 
sTROBE 


(DG191 EQUIVALENT) 
“ vw = a ee 
15043 (rpsion) < 752) fo Pu é 


DUAL SPDT 


i { 

| 4 DPST 
LO pass 145044 (rps/on) < 752) 
ouput 


DUAL DPST 
'H5045 (rps(on) < 752) 


HIGH SPecl 
ANALOG COMFARAT IAG 


DESCRIPTION 


The 526 is a high speed analog comparator intended for use in systems where 
low propagation delay and fast recovery from common mode or differential 
input overdrive is required. The device is specifically designed to provide a wide 
input common mode range while operating from power supplies commonly 
found in digital logic systems. 


* The 526 consists of a medium gain, high frequency differential amplifier and a 


high spéed TTL gate fabricated within a single substrate by planer and epitaxial 
techniques. The output gate of the 526 has voltage and current capabilities com- 
patible with DCL, OTL and TTL. The 526 output gate has a full fan-out of 10 to 
standard TTL loads, 


The amplifier and gate may be used independently or cascaded for applications 
2s a voltage comparator, digital line receiver or sense amplifier. The second gate 
input is used to provide strobe capability when operating the amplifier and gate 
in cascade. Additional applications information can be found under “Usage In- 
formation” in this data sheet, 


FEATURES 
e PROPAGATION DELAY - 30ns 
© INPUT COMMON MODE RANGE - +4.5V 
; -3.5V 
© DIFFERENTIAL OVERDRIVE RECOVERY - 20ns 


& OUTPUT COMPATIBLE WITH STANDARD LOGIC FORMS 
e OPERATES FROM STANDARD t5V SUPPLIES 


PIN CONF'GURATIONS 
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1 

' 

H v Vw 

| e 

2 . 

i ®inl+ 

; e * Yo 


vw Vin GMO 


A PACKAGE 


° 
2 
4 


® INVERTING AND WON-INVERTING INPUTS ARE 
CEFINED RELATIVE TO AMPLEFER OUTPUT, @5 


| 
| 
K PACKAGE 
| 
' 


SIGNETICS MONOLITHIC LINEAR CIRCUITS 


SES2CA , 
NES2SA. 
SE5265 
NES5266 
SE525K 
NES5S26K 


A PACKAGE (TO-116) 


CR Brew tects 
. Land qzecing keene wD 
:, eer. 


 Teemd vetece toe frome 
fe nor of, ©, 0 G9 °C, 
8) Lends obenen ps pasToned fy 
2 Sensi tual fine pockage eorcat. 
2) At Graensiens O poste package 
echt madecag Cees Raat 


G PACKAGE (TG-81) 
GALA GUS EAR 
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RECOMMENDED OPERATING SUPPLY VOLTAGES: v, =V> =5.0V, v= 5.0V 


ABSOLUTE MAXINUM RATINGS”® 


SUPPLY VOLTAGE £7.0V STORAGE TEMPERATURE -65°C to +150°C 

GATE INPUT VOLTAGE +6.0V OPERATING TEMPERATURE 

DIFFERENTIAL INPUT VOLTAGE +5.0V SE526 -55°C to +125°C 

COMMON MODE INPUT VOLTAGE +5.0V “ NE526 OC 10 +76°C 
. GATE OUTPUT CURRENT 100mA 


sg Abeotute Maximum Retings sre limiting val ves above which serviceability may be impsired 


+ - 


TEST CONDITIONS 


j 
NOTES 
TEST CIRCUIT | 


CHARACTERISTIC SYMBOL 


| max luni | ses26 INE626 


{ : | ° ; 
—4--- 41+ 4 


1 


i 
input Offset Voltage Veo OQ i mV -58°C i" oc | Figure 1 } 5 
Vi i mV #25°C 54+26°C Figure 1 5 
Vio mv | «126°C 's78°C Figure 3 5 
Input Bies Current lin | wa | 658°C! OC | Figure 2 6 
lin | HA: *25°C |+25°C Figure 2 6 
lin { yA j *125°C i#75°C | Figure 2 6 
Input Offset Current tis i wa j -ss'cl ofc | Figure 2 
lio WA | 425°C ,+25°C Figure ‘2 
lio ; HA | 4125°C |475°C - Figure 2 
Input Common Mode Range Nisa vo! 55°C | OC Figured 
Ving Mj #28°C 5428°C | Figure dt 
Vieng | Vv [41zstc i47s"c - Figure-t 
Ven tv | “58°C | oc Figured 
Vem i v +25°C ea Cc Figure 1 3 
a | v cided Nid Figure yo 
Amplifier Output Voltage Vohi vio! -ssc} OC {| Figure 3 | 
Vohi 1 ¥ +25°C | +26°C j Fiore a | 
Vohi : Vo (| 4125°C [475°C | Figure 3. 
Volo [vj -s8c} oc Figure 3 
| Vous {| Vo; 425°C 225°C | Figure 3 
Volo | Vf 412s°C '+75°C | Figure 3 | 
Amplifier Power Consumption Py mW -ss°C | oc Figure 4 
Py mW ; #25°C |+25°C | Figure 4 
- : mW : 995° 475°C | Figure 4 
Gate Output Voltage vi, | vj -55°C | oc Figure § 7.8 
vi, iv | *25C '+25°C | Figre 5S | 7.8 
vn ; Vo 2 #125°C 175°C : Figure 5 ' 7.8 
vo. j Yj °c; oc | Figure 5 7.8 
vo, 1 Vij #28°C 425°C ; Figure . 7,8 
vo, iv [128% [orere | Faure 5 | 7.8 
Gate Output Sink Current 10 mA +25°C ' .28"c i Figure 5 | & 
Gate Output Source Current Wo mA | 25°C 725°C 1 Figure 5 ? 
Gate Input Threshold Voltage V1. v |! -sstc| ofc Figure 55 3: 9 
vi tow 4 +25'c |e25°C : Figure 5 9 
nae * vio, s12s°c '478C | Fire | 9 
vo, jovi “88°C OC ‘Figures | (10 
vo, vo! 425%c jezerc ! Figure 5 | (10 ; 
vo. v [125% | 425% | Figure 5 i 10 
saat ie “ es ee ee 4 ne. ed 


ELECTRICAL CHARACTERISTICS (NOTLS 1 2 3 4 13, 14; 


(Contervec 


Notes 

Ti. Alf messurements are referenced to the ground terminal. 

2. Positive current te defined as into the pin referenced. 

2. Pina not specifically referenced are ieft siecvicelly open. 

4. Precautlonery mesures should be taken to ensure current Umhing ie 


accordance with Absolute Maximum Retings should the isoletion diodes 
become forward Dimed. 

i Input Offset Voitege is tested at guaranteed Input Common Mode Range volt. 
age Jimits end includes the worticase veristions of voltage gain end input 
impedence. Thesa era the meximum velues required to drive he Output Gown 
to 0” of up to “17, 

Gt Imput Sise Current is aefined a the msaimum current required to bles 


either Input. 
BASIC CIRCUIT SCHEMAT ic 


ORS Come eS a Tey 
eo re ooos 


eee 


ee ree —say cabinet 


wi Aye A © faye ees Y. : Sie © wits 


_TEST CON DITIONS 


LIMITS 


CHARACTERISTIC SYMBOL : TEMPERATURE . 1 NOTES 
—----b— — ——4 TEST CIRCUIT: 
| cashed MAX | UNIT | SES526, , NES26 | | 
—_ -—— a : ——- -- oe 
Gate Input Current [Input “O") i 10, -16' mA -55C} oC | Figure 6 i | 
1 10, “| aa] mA 428°C | +25°C Figure 6 | 
| to -18{ mA | 4125°C ! 475°C | Figre 6 | | 
(input “17 | NW, 25 wa’ | -s5‘c! OC i Fre? i { 
it; y. 3 yA | *28°C | +25°C i Figure 2 ' 
WW ra4 BA +125°C +75°C | Figure 7 | 
Gate Current Consumption (Output “1") | 11 sal mA | 88°C oc | Fore | 
— 200) ma | 425°C | 425°C Figure! ‘ 
| Wt = mA | 125°C | ¢75°C | Figure Bj | 
(Ovput 0") | 10 S00; mA | -58°C, OC i Fare B | | 
| 15.0 8.00 | mA j 425°C +25°C | Figure 8 | 
1,0 socal MA | +125°C | +75°C | Figure 8 
Gate Input Latch Voltage Rating ; BY, 0, v +25°C 428°C re 
Gate Output Short Circuit Current | ‘oo | ro | mA sasc | szste H Figure 10 | 
Switching Times i | | | | i | 
Gate Tum-On Delay Tee i 425C:425°C | Figure}, 11 | 
Gate Turn-Off Delay Tor ” | rs, 428°C | 425°C Foret | ov 
Propagation Delay * Tg? i 42 {ons | +28°C | +28°C Four 12} 11 
Propagation Delay | ea 48 fons | #25°C | +28°C Figure 12! 44 | 
GSlemonaiQeatoad Recovery pore. 40 | of sac | atc | Fore 13 | 11,12 


Output source current is supplied through # resitor to ground. 

Oviput sink current f supplied through a resistor to ae 

These limits are guaranteed by Gate Ouwut Voltage (VO05) rest. 

These timiz are gueranteed by Gets Outpul Voltage tv4.) tes. 

Load capacitance inciudes test fixture and probe cepacitence. 

Oifferential Input Voltage = SOOmV for this wst. 

Acceptance Test Subgroup A? provides end Point paremeten tor linear 
Sevices processed to Signetics SURE Program. See Signetics SURE Bulletin 
6001 


Menufecturer reserves the fight to make Gewgr and process chenge: end 
ImMptovemenn. 
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Pulse delay curves illustrate Propagation delay at the leading edge 
and differential overload recovery at the trailing edge 
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SE526A 
NE526A 
: SE526G 
NE526G 
SE526K 


USAGE INFORMATION 


The 526 is designed for use in voltage comparator and sense 
amplifier applications. Because of its high voltage gain and 
high speed, care must be taken in its circuit application to 
ensure stable operation. The power supplies must be by- 
passed for frequencies as high as SOMHz. The source imped 
ances should be kept as smail as feasible and the inputs 
should be kept well isolated from the output to avoid gene 
rating @ positive feedback loop. To optimize the effective 
input offset voltage external resistance used in the bases of 
the input transistors should be kept equal (Figure 1) 


The amplifier and gate circuits are completely independent, 
making their extemal connection very versatile and capable 
of performing a multitude of functions. For most applica 
tions, the amplifier will be connected directly to the gate. 
The parasitic capacitance at the interconnecting point must 
be minimized if the propagation delay of the circuit is to be 
optimized. It is permissible to connect an external discrete 
resistor from the amplifier output to the negate supply 
(Figure 2). The increased sink capability resulting from this 
connection tends to reduce the propagation delay. The ex- 
ternal pull-down resistor should be no less than 5000 ohms 
The remaining gate input may be used to strobe the output 
of the amplifier output. 


MINIMIZING EFFECTIVE WPUT OFFSET VOLTAGE 


*5.0v 
Cevrass 7 


DECREASING PROPOGATION DELAY BY ADOITION 
OF EXTERWAL PULL DOWN RESISTOR 


FIGURE 3 
INCORPORATING EXTERNAL NANO GATE TO PROVIDE OUTPUT STORAGE 


+S0v 


25K g 


Ceypass 


20 
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FIGURE 4 


NE526K 


An external NAND gate may be cross-coupied with the gate 
output of the 526 to prov.de a bistable latch or stutage 
element. in this application, the differential inputs ot the 
amplifier should be biased such that the amptiher output 
will be positwe when no input signal is present. ne the 
non-inverting input should be biased with respect to the in 
verting input (Figure 3). 


Amplifier outputs may be tied together to provide the Jogi 
cal OR of the amplifier outputs (Figure 4). This techmque 
will tend to increase propagation del zy because of the para 
sitic capacitances associated with the connection. 


The amplifier of one 526 may be used to drive the second 
gate input {strobe} of another 526, performing the logical 
NAND of the amplifier outputs. This configuration removes 
the strobe capability of the output (Figure 5). In either of 
these configurations, the unused 526 gate may be used to 
implement other system logic requirements. 


The power supply inputs for the gate and amplifier are inde 
pendent. Where power consumption it critical, the amplifier 
may be disabled while maintaining a logical 1 output at the 
gate. Total power consumption is reduced to about 20% of 
the power required for norme® operation. 
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DESCRIPTION 


The 532 consists of two independent, high 
gain, internally frequency compensated op- 
erational amplifiers designed specifically to 
operate from a single power supply over a 
wide range of voltages. Operation from dual 
power supplies is also possible and the low 
power supply current drain is independent 
of the magnitude of the power supply 
voltage. 


FEATURES 


e Internally frequency compensated for 
unlty gain 

© Large de voltage gain—(100dB) 

® Wide bandwidth (unity gain)—1MHz 

(temperature compensated) 

Wide power supply range 
single supply—(3Vdc to 30Vdc) 
or dual supplies—(+1.5Vdc to 
+15Vde) 

@ Very low supply current drain (400.A)— 
essentially independent of supply volt- 
age (1mW/op amp at +5Vde) 

® Low input blasing current—(45nA de 
temperature compensated) 

© Low input offset voltage—(2mVdc) and 
offset current—(5nA de) 

© Differential input voltage range equal to 
the power supply voltage 

e Large output voltage—(OVdc to V+—- 
1.5Vde swing) 

© SE532 Mil std 883A,B,C available 


UNIQUE FEATURES 


In the linear mode the input common-mode 
voltage range includes ground and the out- 
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. The unity gain cross fre- 
quency is temperature compensated. The 
input bias current is also temperature 
compensated. 


PIN CONFIGURATIONS 


T PACKAGE 
(Top View) 


im vemTING 
INPUT a 


rut ® 


ORDER PART NO. 
SES32T NES32T 
SE532AT NES32AT 
SA532T 


EQUIVALENT CIRCUIT 


INPUTS 


+c 


Supply voltage, V+ 
Differential input voltage 
Input voltage 
Power dissipation 

T package 

N package 


NE/SE532/532A/SA532-N,T 


N PACKAGE 
(Top View) 


OM INVERTING; a] inventions 
meruT & ~4 Pur © 
2] NON IVE RT 
-f : 
rE June 


ORDER PART NO. 
SE532N NES32N 
SA532N 
SE532AN NE532AN 


32 or +16 
32 
-0.3 to +32 


680 
625 


Rr are rae ers 
; : ie Pe, ute 
. rr 2 2 


Output short-circuit to GND 

V+ < 15 Vde and Ta = 25°C 

Operating temperature range 
NE532 0 to +70 
SA532 -40 to +85 
SE532 -55 to +125 

Storage temperature range -65 to +150 

Lead temperature 300 
(soldering, 10sec) 


Continuous 


Sto ee 
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pc ELECTRICAL CHARACTERISTICS Ta = 25°C, V+ = +5V unless otherwise specified (see Notes on following page). 


PARAMETER TEST CONDITIONS ~— 
Vos Offset voltage’ Rs < 10k 1 
Rs <= 10k, over temp. 


os Big Rtv, | 


los Offset current tinG+) or lin(-) 
los Offset current Over temp. 
los Drift Over temp. 


Igias Input current2 lin(+) or lin(-) 
Over temp., lin(+) or tin(-) 


Vcm Common mode voitage range3 V+ = 30V 
Over temp., V+ = 30V 
Rs < 10kN 


Ri = 2k, V+ = 30V 
Ry = 10kN, V+ = 30V 
Vout Output voltage swing (VoL) Ri S 10kQ, over temp. 


icc Supply current R= onallamplifiers, over temp 


Avot Large signal voltage Re = 2k0, Vout + 10V, Vgs=+15V 
Gain Over temp. 

Psrr Supply voltage Rs < 10kN. 
rejection ratio 


Bi 
ao] 
“No 


= 
2 8 


CmrrCommon mode rejection ratio 
Vout Output voltage swing (Vou) 


Amplifier-to-amplifier f = 1kHz to 20kHz (input referred) 
coupling4 

Output current source 
Output current sink 


Vint = 1Vde, Vin- = OVde, V+= 15Vde 
Vin- = 1Vdc, Vin = OVdc, V+= 15Vdc 
Vin- = 1Vde, Vin = 0Vde, Vout = 200mVde 
isc 5 


PARAMETER TEST CONDITIONS 
Vos Offset voltage’ i Rs < 10k 
F Rs < 10k, over temp. 


los Offset current lin(+) or lin(-) 
los Offset current Over temp. 
los Drift Over temp. 


Ipias Input current2 lin(+) or lin(-) 
Over temp., lin(+) or tin(-) 
Vcm Common mode voltage ranges V+ = 30V 
Over temp., V+ = 30V 
Curr Common mode rejection ratio Rs = 10k0 


Ri = 2k, V+ = 30V 
Ri = 10k0, V+ = 30V 


fa 
Ri <= 10kN, over temp. 


26 
27 
Icc Supply current R_L=onallamplifiers, over temp. | | 
Avov Large signal voltage Rt = 2k, Vout + 10V, Vs=+15V 
Gain Over temp. 
Psrrn Supply voltage Rs < 10kN 
rejection ratio 
Amplifier-to-amplifier = 1kHz to 20kHz (input referred) 
coupling* 
40 
20 
50 


Vout Output voltage swing (Von) 


Vout Output voltage swing (VoL) 


Output current source Vint = 1Vdc, Vin- =OVde, V+ = 15Vdc 
Output current sink Vin-= 1Vdc, Vin=OVdc, V+= 15Vdce 
Vin- = 1Vdce, Vin = O0Vdc, Vout=200mVdc 


40 
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AL i OPER 


NE/SE532/532A/SA5S32-N, T 


DC ELECTRICAL CHARACTERISTICS (Cont'd) Ta = 25°C, V+ = +5V unless otherwise specified. 


PARAMETER TEST CONDITIONS 


Vos Offset voltage! "Rg < 10k 
Rs < 10k, over temp. 


[ 


se fe 
asd 

3 

< 


los Offset current lin(+) or lin(-) nA 
los Offset current Over temp. nA 
los _ Drift Over temp. 
lsias Input current2 in'+) or tin(-) 
Over temp., lin(+) or Iin(-) 
Vcm Common mode voltage range3 V+ = 30V 
Over temp., V+ = 30V 


Rs = 10kn 
Ri = 2k, V+ = 30V 
Ri = 10kN, V+ = 30V 
Ri <= 10k, over temp. 


Cmar Common mode rejection ratio 
Vout Output voltage swing (Von) 


Vout Output voltage swing (VoL) 


Avo. Large signal voltage Ri 2 2k, Vout + 10V, Vg =+15V 
Psrr Supply voltage Rs = 10k 65 
Amplifier-to-amplifier 
coupling4 f = 1kHz to 20kHz (input referred) a 
Output current source Vin+ = 1Vde, Vin-=O0Vde, V+ = 15Vde 
Vin-= 1Vde, Vin=0Vde, V+= 15Vde 
Vin- = 1Vde, Vin =0Vdce, Vout= 200mVde 


Output current sink 
NOTES is V+ -1.5V. but either or both inputs can go to +32V without damage. 
1. Vo#1.4V, Rs = ON with V+ from 5V to 30V; and over the full input common-mode range 4. Due to proximity of externa! components, insure that coupling is not originating via 


40 
20 
50 
40 


{9V to V+ -1.5V). stray capacitance between these external parts. This typically can be detected as this 
2. The direction of the input current is out of the IC due to the pnp input stage. This type of capacitive coupling increases at higher frequencies. 

current is essentially Contant, independent of the state of the output so no loading 5. Short circuits from the output to V+ can cause excessive heating and eventual 

change exists on the input lines. destruction. The maximum output current is approximately 40mA independent of the 
3. The input common-mode voltage or either input signal voltage should not be allowed magnitude of V+. At values of supply voltage in excess of +15Vdc, continuous short- 

to go negative by more than 0.3V. The upper end of the common-mode voitage range circuits can exceed the power dissipation ratings and cause eventua! destruction. 
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FEATURES : 

pretrimmed to 0.25% max 4-Quadrant Error (AD534L) 

All Inputs (X, Y and 2) Differential, High Impedance for 
[(X,-X2 (¥1-¥2)/10) +22 Transfer Function 

Scale-Factor Adjustable to Provide up to X100 Gain 

Low Noise Design: 902V rms, 10Hz-10kHz 

Low Cost, Monolithic Construction — 

Excellent Long Term Stability 


APPLICATIONS 

High Quality Analog Signal Processing 

Differential Ratio and Percentage Computations 
Algebraic and Trigonometric Function Synthesis 
Wideband, High-Crest rms-to-dc Conversion 
Accurate Voltage Controlled Oscillators and Filters 


PRODUCT DESCRIPTION 

The AD534 is a monolithic laser trimmed four-quadrant multi- 
plier divider having accuracy specifications previously found 
oniv in expensive hybrid or modular products. A maximum 
multiplication error of *0,25% is guaranteed for the AD534L 
without any external trimming. Excellent supply rejection, low 
temperature coefficients and long term stability of the on-chip 
thin film resistors and buried zener reference preserve accuracy 
even under adverse conditions of use. It is the first multiplier 
to offer fully differential, high impedance operation on all in- 
puts, including the Z-input, a feature which greatly increases 
its flexibiliry and ease of use. The scaie factor is pretrimmed 
to the standard value of 10.00; by means of an external resis- 
tor, this can be reduced to values as low as 3, with corresponding 
reductions in bias current and noise level. 


The wide spectrum of applications and the availability of sev- 
eral grades commend this multiplier as the first choice for all 
new designs. The AD534J (+1% max error), AD534K (40.5% 
max) and AD534L (40.25% max) are specified for operation 
over the 0 to +70°C temperature range. The AD5S34S (+1% max) 
and AD534T (40.5% max) are specified over the extended 
temperature range, -5 5°C to +125°C. All grades are available 

in hermetically-sealed TO-100 metal cans and TO-116 ceramic 
DIP packages. 


Internally Trimmed 
Precision IC Multiplier 


PROVIDES GAIN WITH LOW NOISE 

The ADS 34 is the first general purpose multiplier capable of 
providing gains up to X100, frequently eliminating the need 
for separate instrumentation amplifiers to precondition the 
inputs. The AD534 can be very effectively.employed as a 
variable gain differential input amplifier with high common 
mode rejection. The gain option is available in all modes, and 
will be found to simplify the implementation of many function- 
fitting algorithms such as those used to generate sine and tan- 
gent. The utility of this feature is enhanced by the inherent low 
noise of the AD534: 90uV, rms (depending on the gain), a 
factor of 10 lower than previous monolithic multipliers. Drift 
and feedthrough are also substantially reduced over earlier 
designs. 


UNPRECEDENTED FLEXIBILITY 

The precise calibration and differential Z-input provide a 
degree of flexibility found in no other currently available mul- 
uplier. Standard MDSSR functions (multiplication, division, 
squaring, square-rooting) are easily implemented while the 
restriction to particular input/output polarities imposed by 
earlier designs has been eliminated. Signals may be summed in- 
to the output, with or without gain and with either a positive 
or negative sense. Many new modes based on implicit-function 
synthesi$ have been made possible, usually requiring only ex- 
ternal passive components. The output can be in the form of a 
current, if desired, facilitating such operations as integration. 
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SPECIFICATIONS (typical at +25°C, with Vg = 15V, R, = 2k, unless otherwise stated) 


PARAMETER 


MULTIPLIER PERFORMANCE 
Transfer Funcuon 


Total Error! 


vs. Temperature 

Scale Factor Error 

Temperature-Coefficient of 
Scaling-Voltage 

Supply Rejection 

Nonlinearity, X 


Nonlinearity, ¥ 
Feedthrough? , X 
Feedthrough®, ¥ 


Output Offset Volrage 
Dnft 

DYNAMICS 

Small-Signal BW 

1% Amplitude Error 

Slew Rate 

Settling Time to 1% 
NOISE 

Noise Spectral-Density 


Wideband Noise 


OUTPUT 
Output Voltage Swing 
Ourcput Impedance 
Maximum Ourput Current 
Amplifier Open-Loop Gain 
INPUT AMPLIFIERS (X, Y and Z)* 
Signal Voltage Range 


Offset Voltage, X,Y 
Drift 
Offset Volrage, Z 
Drift 
CMRR (X, Y. Z) 
Bias Current 
Offset Current 
Differential Resistance 
DIVIDER PERFORMANCE® 
Transfer Function 


Total Error! 


(Note 7) 


SQUARER PERFORMANCE 
Transfer Function 


Total Error! 


SQUARE-ROOTER PERFORMANCE® 
Transfer Function 
Total Error’ 


POWER SUPPLY SPECIFICATIONS 
Supply Voltage 


Supply Current 


CONDITIONS 


-10V & 4, Y€+10V 
Ta = min to max 
Vs = 14V to t16V 


SF = 10.00 nominal? 


Ta = min to max 
Vg =(1SV)t1V 

X = 20V pk-pk 
Y=+t10V 

Y = 20V pk-pk 

X= tl0ov 

¥ nulled 

X = 20V pk-pk SOHz 
X nulled 

Y = 20V pk-pk 50Hz 


Ta = min to max 


Vout = 0.1V rms 
CLoap = 1000pF 
Vout 20V pk-pk 
AVout = 20V 


SFe 10 

SF = 3 (Note 4) 

f = 10Hz to SMHz 

f = 10Hz to 10kHz 
f = 10Hz to 10kHz, 
SF = 3 (Note 4) 


Ta = min to max 
Unity-Gain, f © kHz 

Ry = 0, Ta = min to max 
f = S0Hz 


Rated Accuracy 
(Diff. or CM) 
Operacing (Diff.) 


Ta = min to max 


Ta= min to max 
50Hz, 20V pk-pk 
Diff. Input = 0 
Diff. Input = 0 


X, >X2 

X= 10V 
-10VEZ&+10V 
X=1V 
-IVEZE41V 


O:1VEX<10V 
-10V< ZS +10V 


-10V6X6+10V 


2, <2, 
IVS Z<10V 


Rated Performance 
Operating 
Quiescent 


ADS34J 


Oy -XaXVE-V2), 9, 


£0.022%/°C _ 
£0.25% 


£0.02%/7°C 
£0.01% 


10.4% 
20.01% 
t0.3% 


20.01% 
tSmV (£30mV max) 


O4pVA/He 


mV mms 
90uV rms 


60uV ims 


+11V min 
0.12 
30mA 
70dB 


+10V 
t12V 
25mV (420mV max) 


_1oopv °C 


t$mV (t30mV max) 
200pV°C 

80dB (60UB min) 
0.8uA (2A max) 
OLA 

10MQ. 


0 (Zz -Z;) 4 
(X, ~ Xz) 


+0.75% 


V1IO(Z2~25) + X2 


£1.0% 


215V 
28V to £18V 
4mA (6mA max) 


ADS34K 


0.5% max 


21.0% 
20.015%7°C 
£0.1% 


+0.01%/°C 


0.2% (0.3% max) — 
£0.01% (40.1% max) 
£0.15% (0.3% max) 


£0.01% (10.1% max) 
22mV (41$mV max) 
1002V/°C 


t2mvV (£10mV max) 
50uV °C 

t2mV (t15mV max) 
100nV PE 

90dB (70d R min) 


ADS34L ADS345 


20.25% max 


22.0% max 
£0.02%7°C mex 
° 


220.1% (0.12% max) 
£0,005% (40.1% max) 
40.05% (0.12% max) 


0.003% (+0.1% man) * 
t2mvV (t10mV max) * 
es, 500nV/°C max 


tamV (£10mV max) 
on . . 00uV °C max 


O.05uA (0,2uA max) 
e 


£8V to £22V 


*See'Functional Block Diagram, Figure 1, for definition of sections. 


*The ADS3S 


ADS34T 


21.0% max 
10.01%/°C max: 


+0,005%/°C max 


o 
150nV °C 

ar 

300uV/°C max 
oe 


tBV to 22V 
. 


a functional equivalent to the ADS34. has guaranteed performance 
in the divider and square rooter modes and is recommended for such applications 
Biven are percent of fullavale. :10V cic. QO1% = ImvV). With external Z-offset adjustment, 7 € 2X 
? May be reduced down to 3V using external resistor between -Vg and SF 
? irreducible component duc to noni excludes effect of offrees 
“Using external resistor adjusted to give SF = 3. 


Specifications subycet Lo change without notice. 
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. 
TV to 222V 
. 


.PIN CONFIGURATION & DIMENSIONS 


Dimensions shown in inches and (mm). 


D-PACKAGE 


TO-116 
(TOP VIEW) 


TO-100 
(TOP VIEW) 


C@ury 
[eee sestisae 


0085 (2.16) 
a's? 078) 
Se eatin Hl eek) 
0.073883 


(04°98) 


CHIP DIMENSIONS & PAD LAYOUT 
Dimensions shown in inches and (mm). 


0 00 0 Se) 


Wt AOD IE AVAILABLE IN LASER TRIMMED CHIP FORM. CONSULT THE CHIP CATALOG FOR DETAILS 


~ 


ABSOLUTE MAXIMUM RATINGS 


ADS534J, K, L AD5348,T 


+18V +22V 
500mW ° 
Indefinite ° 
tVs : 
010 +70°C -55°Cto 
+125°C 
65°C to +150C * 
+300°C ° 


Supply Voltage 

Internal Power Dissipation 

Output ShortCircuit to Ground 
Input Voltages, Xq X2 Yy Y2 zy Z2 
Rated Operating Temperature Range 


Storage Temperature Range 
Lead Temperature, 60s soldering 


*Same as AD5 34) specs. 


OPTIONAL TRIMMING CONFIGURATION 


~- TO APPROPRIATE 
INPUT TERMINAL 


-' Vs 


FUNCTIONAL DESCRIPTION 


Figure 1 is a functional block diagram of the AD534. Inputs 
are converted to differential currents by three identical voltage- 
to-current converters, each trimmed for zero offset. The prod- 
uct of the X and Y currents is generated by a multiplier cell 
using Gilbert's translinear technique. An on-chip ‘Buried 
Zener” provides a highly stable reference, which is laser trim- 
med to provide an overall scale factor of 10.000V. The differ- 
ence between XY/SF and Z is then applied to the high gain 
output amplifier. This permits various closed loop configura- 
tions and dramatically reduces nonlinearities due to the input 
amplifiers, a dominant source of distortion in earlier designs. 
The effectiveness of the new scheme can be judged from the 
fact that under typical conditions as a multiplier the nonlinear- 
ity on the Y input, with X at full scale (+10V), is 0.005% of 
F.S.; even at its worst point, which occurs when X = +6.4V, 

it is typically only +0.025% of F.S. Nonlinearity for signals 
applied to the X input, on the other hand, is determined al- 
most entirely by the multiplier element and is parabolic in 
form. This error is a major factor in determining the overall 
accuracy of the unit and hence is closely related to the 

device grade. 


STABLE 
REFERENCE 
AND BIAS 


TRANSFER FUNCTION 


Vo wa | a XZ = Ye) | 
0 [ SF (2) 22) 


HIGH GAIN 
OuTPUT 
AMPLIFIER 


Figure 1. AD534 Functional Block Diagram 
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The generalized transfer function for the AD534 is given by: 
(Xy -X2)(¥q - Y2) 
SF 


A = open loop gain of output amplifier, typically 
70dB at de 


Vout =A - (21 -Z2) 


where 


X, Y, Z = input voltages (full scale = 


£1.25SF) 


SF = scale factor, pretrimmed to 10.00 but 
adjustable by the user down to 3. ~ 


tSF, peak= 


In most cases the open loop gain can be regarded as infinite, 
and SF will be 10. The operation performed by the AD534, 
can then be described in terms of equation: 


(Xq - X2) (Yq - ¥2) = 10(Zy -Z2) 
The user may adjust SF for values between 10.00 and 3 by 
connecting an external resistor in series with a potentiometer 
between SF and -Vs. The approximate value of the total resist- 
ance for a given value of SF is given by the relationship: 
us. 
10 - SF 
Due to device tolerances, allowance should be made to vary 
Rs by +25% using the potentiometer. Considerable reduction 
in bias currents, noise and drift can be achieved by decreasing 
SF. This has the overall effect of increasing signal gain with- 
out the customary increase in noise. Note that the peak input 
signal is always limited to 1.25SF (i.e., 5V for SF = 4) so the 
overall transfer function will show a maximum gain of 1.25. 
The performance with small input signals, however, is improved 
by using a lower SF since the dynamic range of the inputs is 
now fully utilized. Bandwidth is unaffected by the use of this 
option. 


RsF =5.4K 


Supply voltages of +15V are generally assumed. 1towever, satis- 
factory operation is possible down to +8V (see curve 1). Since 
all inputs maintain a constant peak input capability of +1.25SF 
some feedback attenuation will be necessary to achieve output 
voltage swings in excess of £]2V when using higher supply 
voltages. 

OPERATION AS A MULTIPLIER 

Figure 2 shows the basic connection for multiplication. Note 
that the circuit will meet all specifications without trimming. 


OUTPUT, £12V PK 
(Xy - XZMYy - ¥2) 
7 7) +27 


OPTIONAL SUMMING 
INPUT, Z, 210V PK 


Figure 2. Basic Multiplier Connection. 


In some cases the user may wish to reduce ac feedthrough to 

a minimum (as in a suppressed carrier modulator) by applying 
an external trim voltage (+30mV range required) to the X or Y 
input (see Optional Trimming Configuration, previous page). 
Curve 4 shows the typical ac feedthrough with this adjustment 
mode. Note that the Y input is a factor of 10 lower than the 

X input and should be used in ao where null sup- 
pression is critical. 


- 
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The high impedance Z, terminal of the AD534 may be used to 
sum an additional signal i into the output. In this mode the output 
amplifier behaves asa voltage follower with a IMHz small signal 
bandwidth and a 20V/us slew rate. This terminal should 

always be referenced to the ground point of the driven system, 
particularly if this is remote. Likewise the differential inputs 
should be referenced to their respective ground potentials to 
realize the full accuracy of the AD534. 


A much lower scaling voltage can be achieved saint cise any 
reduction of input signal range using a feedback attenuator as 
shown in Figure 3. In this example, the scale is such that 
Vout = XY, so that the circuit can exhibit a maximum gain of 
10. This connection results:in a reduction of bandwidth to 
about 80kHz without the peaking capacitor Cp = 200pF. In 
addition, the output offset voltage is increaséd by a factor of 
10 making external adjustments necessary in some applications. 
Adjustment is made by connecting a 4.7MQ2 resistor between 
Z, and the slider of a pot connected across the supplies to 
provide +300mV of trim range at the output. 


Feedback attenuation also retains the capability for adding a 
signal to the output. Signals may be applied to the high imped- 


INPUT 
+10V FS 
#12V PK 


OUTPUT, 212V PK 
= 1G - ve Va) 
(SCALE = 1 


OPTIONAL 
PEAKING 
CAPACITOR 
Cy * 200pF 


Y INPUT 


210V FS 
212V PK 


Figure 3. Connections for Scale-Factor of Unity 


ance Zz terminal where they are amplified by +10 or to the 
common ground connection where they are amplified by +1. 
Input signals may also be applied to the lower end of the 10k2 
resistor, giving a gain of -9. Other values of feedback ratio, up 
to X100, can be used to combine multiplication with gain. 


Occasionally it may be desirable to convert the output to a 
current, into a load of unspecified impedance or dc level. For 
example, the function of multiplication is sometimes followed 
by integration; if the output is in the form of a current, a simple 
capacitor will provide the integration function. Figure 4 shows 
how this can be achieved. This method can also be applied in 
squaring, dividing and square rooting modes by appropriate 
choice of terminals. This technique is used in the voltage-con- 
trolled low-pass filter and the differential-input voltage-to- 
frequency converter shown in the Applications Section. 


CURRENT SENSING 
RESISTOR, Rs. 2k22 MIN 


peta | 


' 
OX = RgNs V2) 0 
co RS 
INTEGRATOR -1- 


CAPACITOR <T~ 
(See TEXT) 1, 
v 


YINPUT 
10V FS 
112V PK 


Figure 4. Conversion of Output to Current 
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OPERATION AS A SQUARER 
eration as a squarer is achieved in the same fashion as the 
plier except that the X and Y inputs are used in parallel. 
The differential inputs can be used to determine the output 
arity (positive for X, = Yy and Xz = Y2, negative if either 
of the inputs is reversed). Accuracy in the squaring mode 
gs typically 4 factor of 2 better than in the multiplying mode, 
es largest errors occurring with small values of output for 
gnput below 1¥. . = 
if the application depends on accurate operation for inputs 
ghat are always less than £3V, the use of a reduced value of 
SF ts recommended as described in the FUNCTIONAL 
DESCRIPTION section (previous page). Alternatively, a feed- 
back attenuator may be used to raise the output level. This is 
rto use in the difference-of-squares application to compen- 
sate for the factor of 2 loss involved in generating the sum 
rerm (see Figure 7). 
The difference-of-squares function is also used as the basis for 
2 novel rms-to-de converter shown in Figure 14. The averaging 
Giter 1s a true integrator, and the loop seeks to zero its input. 
For this fo occur, (Vin)? - (Vout) = 0 (for signals whose 
nod is well below the averaging tmé-constant). Hence Vout 
3s forced to equal the rms value of Vin. The absolute accuracy 
of this technique is very high; at medium frequencies, and for 
sgnals near full scale, it is determined almost entirely by the 
rauo of the resistors in the inverting amplifier. The multipher 
scaling voltage affects only open loop gain. The data shown is 
typical of performance that can be achieved with an AD5S34K, 
put even using an AD534J, this technique can readily provide 
petter than 1% accuracy over a wide frequency range, even for 
crest-factors in excess of 10. 


mul u 


OPERATION AS A DIVIDER 

The AD535, 2 pin for pin functional equivalent to the AD534, 
has guaranteed performance in the divider and square-rooter 
configurations and is recommended for such applications. 


Figure 5 shows the connection required for division. Unlike 
earlier products, the AD534 provides differential operation on 
both numerator and denominator, allowing the ratio of two 
floating variables to be generated. Further flexibility results 
from access to a high impedance summing input to Yy. As with 
all dividers based on the use of a multiplier in a feedback loop, 
the bandwidth is proportional to the denominator magnitude, 
as shown in curve 8. 


* 
INPUT *18V 
Bt sOMINATOR) 


Ov FS 


OUTPUT, £12V PK 


etry PK 
, Wizz -2) yy, 
OG - XI 
ZANPUT - 
(NUMERATOR} 
OPTIONAL 210V FS. 212v PK 
eww weuT 


tv Px 


Figure 5. Basic Divider Connection 


Without additional trimming, the accuracy of the AD534K and 
L is sufficient to maintain a 1% error over a 10V to 1V denomi- 
nator range. This range may be extended to 100:1 by simply 
reducing the X offset with an externally generated trim voltage 
(range required is £3.5mV max) applied to the unused X input 
(see Optional Trimming Configuration, page 4-19). To trim, ap- 
ply aramp of +100mV to +V at 100Hz to both X, and Z; (if X2 
is used for offset adjustment, otherwise reverse the signal po- 
larity) and adjust the trim voltage to minimize the variation in 


the ourput.* 


Since the output will be near +10V, it should be ac-coupled for 
this adjustment. The increase in noise level and reduction in 
bandwidth preclude operation much beyond a ratio of 100 
tol. 


As with the multiplier connection, overall gain can be intro- 
duced by insérting a simple attenuator between the output and 
Y,, terminal. This option, and the differential-ratio capability 
of the AD534 are utilized in the percentage-computer applica- 
tion shown in Figure 11. This configuration generates an out- 
put proportional to the percentage deviation of one variable 
(A) with respect to a reference variable (B), with a scale of one 
volt per percent. 


OPERATION AS A SQUARE ROOTER 
The operation of the AD534 in the square root mode is shown 
in Figure 6. The diode prevents a latching condition which 
could occur if the input momentarily changes polarity. As 
shown, the output is always positive; it may be changed toa 
negative output by reversing the diode direction and inter- 
changing the X inputs. Since the signal input is differential, all 
combinations of input and output polarities can be realized, 
but operation is restricted to the one quadrant associated with 
each combination of inputs. 

OUTPUT, 212V PK 


= /T0(22 211+ Ky 


REVERSE 1! 


_ THIS AND X L 
INPUTS FOR $ [MUST BE 
NEGATIVE ‘PROVIDED! 
OUTPUTS 


OPTIONAL &y 
SUMMING 

INPUT, x, 
tov PK 
- ZINPUT 


+ 


Figure 6. Square-Rooter Connection 


In contrast to earlier devices, which were intolerant of capaci- 
tive loads in the square root modes, the AD534 is stable with 
all loads up to at least 1000pF. For critical applications, a small 
adjustment to the Z input offset (see Optional Trimming Con- 


figuration, page 4-19) will improve accuracy for inputs below 1V. 


*See the ADS35 Data Sheet for more details 
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ANALOG 
DEVICES 


FEATURES 

Pretrimmed to +0.5% max Error, 10:1 Denominator 
Range (AD535K) 

+2.0% max Error, 50:1 Denominator Range (AD535K) 

All Inputs (X, Y and Z) Differential 

Low Cost, Monolithic Construction 


APPLICATIONS 

General Analog Signal Processing 

Differential Ratio and Percentage Computations 
Precision AGC Loops 

Square-Rooting 


PRODUCT DESCRIPTION 

The ADS35 is a monolithic laser-trimmed two-quadrant divider 
having performance specifications previously found only in ex- 
pensive hybrid or modular products. A maximum divider error 
of 20.§% is guaranteed for the ADS35K without any external 
trimming over a denominator range of 10:1; 42.0% max error 
over a range of 50:1. A maximum error of +1% over the 50:1 
Jenominator range is guaranteed with the addition of two ex- 
ternal trims. The AD535 is the first divider to offer fully dif- 
terential, high impedance operation on all inputs, including the 
y-anput, a feature which greatly increases its flexibility and 
case of use. The scale factor is pretrimmed to the standard 
value of 10.00; by means of an external resistor, this can be 
reduced by any amount down to 3. 


The extraordinary versatility and performance of the AD535 . 
recommend it as the first choice in many divider and compu- 
tational applications. Typical-uses include square-rooting, ratio 
computation, “‘pin-cushion" correction and AGC loops. The 
device is packaged in a hermetically sealed, 10-pin TO-100 can 
or 14-pin TO-116 DIP and made available in a +1% max error 
vernion (J) and a +0.5% max error version (K). Both versions 
are specified for operation over the 0 to +70 C temperature 


range. 


Internally Trimmed 
Integrated Circuit Divider 


PRODUCT HIGHLIGHTS 


1: 


Laser trimming at the wafer stage enables the ADS35 to 
provide high accuracies without the addition of external 
trims (40.5% max error over a 10:1 denominator range 
for the AD535K). 

Improved accuracies over a wider denominator range are 
possible with only two external trims (0.5% max error 
over a 20:1 denominator range for the AD535K). 
Differential inputs on the X, Y and Z input terminals 
enhance the AD535’s versatility as a generalized analog 
computational circuit. 

Monolithic construction permits low cost and, at the 
same time, increased reliability. 


TO-100 - TO-116 
(TOP VIEW) (TOP VIEW) 
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SPECIFICATIONS (Vg = +15V, RL > 2k, Ta = +25°C unless otherwise stated) 


PARAMETER CONDITIONS AD535J AD535K 
(Z, = Z1 ) s 
i 10 —~—— +Y¥ 
TRANSFER FUNCTION Figure 2 es Se 
TOTAL ERROR’ . No External Trims, Figure 2 : 
. 1V<X<10V, Z< |x} 1.0% max 0.5% max ; 
0.2V<X<10V, Z< 1X] 5.0% max 2.0% max 
With External Trims, Figure 5 : 
0.5V<X<10V, Z< 1X! | 1.0% max 0.5% max 
0.2V<X<10V, Z<1X| 2.0% max 1.0% max 
TEMPERATURE COEFFICIENT 1V<X<10V, Z<{X| 0.01%/°C typ ° : 
0.5V<X<10V, Z<|X| 0.02%/C typ . 
0.2V<X <10V,Z<|X| 0.05%/C typ . 
SUPPLY RELATED 1V<X<10V 0.1%/V typ . 
Error 0.5VE&X<10V 0.2%/V typ * 
Vs = t14V to t16V 0.2Ve&X<10V 0.5%/V typ : 
SQUARE ROOTER No External Trims, Figure 11 
TOTAL ERROR’ 1VSZ<10V 0.4% typ id 
. 0.2V<Z<10V 0.7% typ i 
NOISE? X= 0.2V, f= 10Hz to 10kHz 4.5mV rms typ . 
a ne, 
BANDWIDTH X=0.2V 20kHz typ r 
INPUT AMPLIFIERS® 
CMRR f = 50Hz, 20V p-p 60dB min = 
Bias Current 2.0UA max bs 
Offset Current 0.1pA typ ‘ 
Differential Resistance 10MQ ss 
OUTPUT AMPLIFIER® 3 
Open-Loop Gain : f = 50Hz 70dB typ . 
Small Signal Gain-Bandwidth Vout = 0.1V rms 1MHz typ : 
1% Amplitude Error CLoap = 1000pF 50kHz typ ° AE 
Output Voltage Swing Tmin tO Tmax +11V min - 
Slew Rate Vout = 20V p-p 20V/us typ od Su 
Settling Time Vout = 20V +1% 2us typ 7 int 
Output Impedance Unity Gain, f < 1kHz - 0.192 typ * Ou 
Wide-band Noise f= 10Hz to 5MHz 1lmV rms typ - ing 
; f = 10Hz to 10kHz 90u'V rms typ : Ra 
OUTPUT CURRENT Tmin tO Tmax, Ry = 0 30mA max aie . Ste 
POWER SUPPLIES ~ ee 
Rated Performance t15V - 
Operating +8V min, +18V max bs FU 
Supply Current Quiescent 6mA max . ie 
NOTES: to 
*Specifications same as ADS35J. of 
‘ Figures are given as a percent of full scale (i.e. 1.0% = 100mV). * 
3 Noise may be reduced as shown in Figure 14. ‘i 
*See Figure 1 for definition of section. ; Th 
Specifications subject to change without notice. 
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PHYSICAL DIMENSIONS 


Dimensions’shown in inches and (mm). 
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ABSOLUTE MAXIMUM RATINGS 


supply Voltage +18V 

internal Power Dissipation 500mW 

Owrput Short-Circuit to Ground Indefinite 

taput Voltages, X;, X2, Yi, Y2,Z1,Z2 tVs 

Rated Operating Temp Range 0 to +70°C 
srorage Temp Range -65°C to +150°C 
Lead Temp, 60s soldering +300°C 


PUNCTIONAL DESCRIPTION 

¥gure 1 isa functional block diagram of the AD535. Inputs 
wr converted to differential currents by three identical voltage 
t current converters, each trimmed for zero offset. The product 
ef the X and Y currents is generated by a multiplier cell using 
Gebert's translinear technique with an internal scaling voltage. 


The difference between XY/SF and Z is applied to the high gain 
estput amplifier. The transfer function can then be expressed.. 


x -Vvi : 
Vout =A E , out) 7-25) 


wsere A = open loop gain of output amplifier, typically 70dB 
m dc 


X. Y, Z = input voltages 
SF = scale factor, pretrimmed to 10.00V but adjustable 
by the user down to 3M: 


-X2)(¥1 
SF 


In most cases the open Joop gain can be regarded as infinite 
and SF will be 10V. Dividing both sides of the equation by A 
and solving the Vout, we get... 


(2, ~Z)) 


(X) xy 


Vout = 10V 


STABLE 
REFERENCE 
AND BIAS 


TRANSLINEAR 
MULTIPLIER 
ELEMENT 


HIGH GAIN 


AMPLIFIER 


Figure 1. AD535 Functional Block Diagram 


SOURCES OF ERROR 

Divider error is specified as a percent of full scale (ie. 10.00V) 
and consists primarily of the effects of X, Y and Z offsets and 
scale factor (which are trimmable) as shown in the generalized 
equation.... 


4 
[ (22-21) + Zos £1) + 205 uy Y1+Yos 
(X, -X2.)+Xos 


Vout = (SF + ASF) L 


Note especially that divider error is inversely proportional to 

_X, that is, the error increases rapidly with decreasing denomi- 
nator values. Hence, the AD535 divider error is specified over 
several denominator ranges on previous page. (See also Figure 
12, AD535 Total Error as a function of denominator values.) 


Overall accuracy of the AD535 can be significantly improved 
by nulling out X and Z offset as described in the applications 
sections. Figure 13 illustrates a factor of 2 improvement in 
accuracy with the addition of these external trims. The remain- 
ing errors stem primarily from scale factor error and Y off- 
sets which can be trimmed out as shown in Figure 6. 


Figure 14 illustrates the bandwidth and noise relationships 
versus denominator voltage. Whereas noise increases with 
decreasing denominator, bandwidth decreases, the net result 
given by the expression... 


Enout (wideband) = 
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External filtering can be added to limit output voltage noise 
even further. In this case... 


Enour (B.W. externally limited) = oa9vt mV rms 


10 
where f = bandwidth in MHz of an external filter whose band- 
width is less than the noise bandwidth of the AD535. Table 1 
provides calculated values of the typical output voltage noise, 
both filtered and unfiltered for several denominator values. 


Noise Limited by 
External Filtering 
10Hz to 10kHz 


' 4.5mV rms 
1.8mV rms 
0.9mV rms 
0.09mV rms 


Noise 
10Hz to SMHz 


8.9mV rms _ 
5.6mV rms 
4.0mV rms 
1.3mV rms 


Table 1. AD535 Calculated Voltage Noise 


APPLICATIONS 

Figure 2 shows the standard divider connection without ex- 
ternal trims. The denominator X, is restricted to positive 
values in this configuration. X, Y and Z inputs are differential 
with high (80dB typical) CMRR permitting the application of 
differential signals on X and Z (see Figure 3). 


sour» HE 
(x MUST BE 
POSITIVE) 


 104Z2 = 21) 
0 Vout” K, XG) 


X, —X, MUST BE 
POSITIVE 


1 
0 Your = x 
(X MUST BE 
NEGATIVE} 


Figure 4. Divider Connection for Negative X Inputs 


‘ 
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Negative denominator inputs are handled as shown in Figure 
Note that in either configuration, operation is limited to two ( 
quadrants (i.e. Z is bipolar, X is unipolar). >$ 


A factor of two improvements in accuracy is possible by 
trimming the X and Z offsets as illustrated in Figure 5. To 
trim, set X to the smallest denominator value for which acy. 
rate computation is required (i.e., X = 0.2V). With Z = 0, 
adjust the Zo trim for Vout = 0. Next, adjust the Xp trim 
for the best compromise when Z = +X (Vout = +10V)and 
Z = -X (Vout = -10V). Finally, readjust Zo for the best 
compromise at Z = +X, Z = -X and Z=0O. The remaining eTror 
(Figure 13) consists primarily of scale factor error, output 
offset and an irreducible nonlinearity component. 


Figure 5. Precision Divider Using Two Trims. 


In certain applications, the user may elect to adjust SF for 
values between 10.00 and 3 by connecting an external resistor 
in series with a potentiometer between SF and -Vs. The ap- 
proximate value of the total resistance for a given value of 
SF is given by the relationship: 


SF 


Rsf = 5.4K 10 -SF 


Due to device tolerances, allowance should be made to vary 
Rsr +25% using the potentiometer. Note that the peak signal 
is always limited to 1.25 SF (i.e. +5 V for SF = 4). ' 


The scale factor may also be adjusted using a feedback attenus 
tor between Vout and Y2 as indicated in Figure 6. The input 
signal range is unaffected using this schenie. 


Scale factor and output offset error can be minimized utilizing 
the four trim circuit of Figure 6. Adjustment is as follows: 
1. Apply X = +0.2V (or the smallest required denominator ~ 
value), Z = 0 and adjust Zo for Vout = 0. 
Apply X = 0.2V. Then adjust the Xo trim for the best 
compromise when Z = +X (Vout = +20V) and Z = 
-X (Vout = -10V.) 
Apply X = +10V, Z = 0 and adjust Yo for Vout = 0. 
Apply X = +10V. Then adjust the scale factor (SF) trim 
for the best compromise when Z = +X (Vout = +10V) 
and Z = -X (Vout = -10V). 
Repeat steps 1 and 2. ‘ 
Apply X = 0.2V. Then adjust the Z trim for the best 
compromise when Z = X (Vout = +10V), Z = 0 (Vout ® 
0) and Z = -X (Vout = -10V). 


- 
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Figure 6. Precision Divider with Four External Adjustments 


These trim adjustments can be made either by using two cali- 
trated voltage sources and a DVM, or by using a differential 
scope, 2 low frequency generator, a voltage source and a 
csion attenuator. As shown in Figure 7, the differential 
scope subtracts the expected ideal ouput and thus displays 
aly errors. Set the attenuation to 


10 


CALIBRATED 


Figure 7. Alternate Trim Adjustment Set-Up 


FIN-CUSHION CORRECTION 
A per-cushion corrector eliminates the distortion caused by 
fe: screen CRT tubes. The correction equations are: 


Vin 
Vou = 


V; 
and Voy iy. - 


V Vin’? + Vpy? +L? 


where: Vou and Voy are the horizontal and vertical output 
tignals, respectively. 
Vin and Vyy are the horizontal and vertical input 
1 


ngnals, respectively. 
Lis the length of the CRT tube. 


In typical applications L (expressed in voltage) is roughly equal 


to full scale Vipy or Vpy. The result is that the expression, 


V (Vin? +Vpy? +L?), varies less than 2:1 over the full range 


of values of Vy and Vy. wont sf 


Major sources of divider error associated with small denomina- 
_tor values can thereby the minimized. 
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Figure 8. Pin-Cushion Corrector 
Figure 9 shows an AGC loop using an AD535 divider. The 


AD535 lends itself naturally in this application since it is con- 
figured to provide gain rather than loss. Overall gain varies 
from 1 to © as the denominator is servoed to maintain Vout 
at a constant level. 


Vour 
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Figure 9. AGC Loop Using the AD536 rms/dc Converter 
as a Detector 


Figure 10 shows a method for obtaining the time average as 
defined by: 


X= + J Tx at 

where T is the time interval over which the average is to be 
taken. Conventional techniques typically provide only a crude 
approximation to the true time average, and furthermore, re- 
quire a fixed time interval before the average can be taken. In 
Figure 10, the AD535 is used to divide the integrator output 
by the ramp generator output. Since the ramp is proportional 
to time, the integrator is divided by the time interval, thus 


allowing continuous, true time processing of signals over inter- 
vals varying by as much as 50:1. 
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DESCRIPTION 

The 5533/5534 are single and dual high- 
performance low noise operational amplifi- 
ers. Compared to other operational amplifi- 
ers, such as TLO83, they show better noise 
performance, improved output drive capabil- 
ity and considerably higher small-signal and 
power bandwidths. 


This makes the devices especially suitable 
for application in high quality and profes- 
sional audio equipment, in instrumentation 
and control circuits and telephone channel 
amplifiers. The op amps are internally com- 
pensated for gain equal to, or higher than, 
three. The frequency response can be opti- 
mized with an external compensation ca- 
pacitor for various applications (unity gain 
amplifier, capacitive load, slew-rate, low 
overshoot, etc.) If very low noise is of prime 
importance, it is recommended that the 
§533A/5534A version be used which has 
guaranteed noise specifications. 


EQUIVALENT SCHEMATIC 


FEATURES 


© Output drive capability: 600, 10V (rms) 
at V; = +18V 

© Input noise voltage: 4nV/ VHz 

© DC voltage gain: 100000 - 

e AC voltage gain: 6000 at 10kHz 

© Power bandwidth: 200kHz 

© Slew-rate: 13V/u8 

© Large supply voltage range: +3 to +20V 
5534 

© Pin out 741 

e Configuration Single 


NE/5533/5533A-N,FeNE /SE5534/5534A-N,H 


PIN CONFIGURATION 


Small-signal bandwidth: 10MHz N PACKAGE 


ORDER PART NO. 
NE5533N/F 


N PACKAGE NE5533AN/AF 


8) CAarrusation 
INVERTING H PACKAGE 
INPUT 
BALANCE/ 


NONINVERTING 
paeibeaeot ED) COMPENSATION 


@ @ 
© 


ORDER PART NO. 
INVERTING 
NE/SE5534N bagel Fe > GuTpuT 
NE/SE5S534AN 
NoninveaTInG \ @) ® 
: INPUT ® COMPENSATION 
7 
ORDER PART NO. 
SES534H 
SE5534AH 


NES534H 
NES5534AH 


Sinotics 


eee 


W NOISE OPERATIONAL AMPLIFIER ————— 


= — 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage +22 
Input voltage +V supply 
Differential input voltage’ +5 
Operating temperature range 

SE 5534/5534A -55 to +125 

NE5533/5533A/5534/5534A 0 to 70 
Storage temperature ~65 to +150 
Junction temperature 150 
Power dissipation at 25°C? 

5533N 5534N 500 

5534T 800 
Output short circuit duration? indefinite 
Lead temperature 300 

(soldering 10 sec) 


NOTES 

1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting 
resistors are used, large Currents will flow if the ditferential input voltage exceeds 0.6V. 
Maximum current should be limited to +10mA. 

2. For operation at elevated temperature T package must be derated based on a thermal 
resistance of 150°C/W junction to ambient, 45°C/W junction to case. Thermal 
resistance of the N package is 240°C/W junction to ambient. 

3. Output may be shorted to ground at Vs = +15V, Ta = 25°C. Temperature and/or supply 
voltages must be limited to ensure dissipation rating is not exceeded. 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = +15V unless otherwise specified.1.2 


PARAMETER 


Vv 
I 


TEST CONDITIONS 


Offset voltage 
Over temperature - 
os Offset current 
Over temperature 
iT} Input current 
Over temperature 
loc Supply current 
Per op amp Over temperature 
Bo | 
80 


Ri 2 6009, Vo = +10V 
Over temperature 


Vom Common mode input range 2 
CMRR- Common mode rejection ratio 


PSRR Power supply rejection ratio 


AvoL Large signal voltage gain 


+12 +13 
70 100 


Vout 


Rin 


Output swing Ri = 6000 +12 +13 
Ri = 6000 Vs = +18V +15 +16 
Input resistance 100 
Isc Output short circuit current 38 
NOTES 


1. For NE6533/5533A/5534/5534A, Tyyiy = O°C, Trax © 70°C 
2. For SE §534/5534A, Ty = —55°C, Tyyax = +125°C 


Si) N0tics 45 


NE /5533/5533A-N,FeNE /SE5534/5534A-N,H 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = +15V unless otherwise specified. 


NE5533/5533A 
SE5534/5534A 5534/5534A UNIT 


| Typ | Max | 
aaa 


TEST CONDITIONS 


Av = 30dB closed loop 


Output resistance 
f = 10kHz, Ri = 600N, Cc = 22pF 


Rout 


Voltage follower, Vin = 50mV 


Transient response 
R_ =6000, Cc =22pF, C_ = 100pF 


Tr Rise time 
Overshoot 


Transient response 


Vin = 50mv, AL = 6000 
Cc = 47pF, CL = 500pF 


TR Rise time 
Overshoot : 
AC Gain f = 10kHz, Cc =0 V/mV 
f = 10kHz, Cc = 22pF V/mV 
Gain bandwidth product Cc = 22pF, CL = 100pF mHz 


V/uS 
V/pS 


5 
0 


Slew rate Cc=0 
Cc = 22pF 


Power bandwidth Vout = +10V, Cc = 0 
Vout = +10V, Cc = 22pF 
Vout = +14V, Ri = 6000 
Co = 22pF, Voc = +18V 


9: 
7 


nN 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = +15V unless otherwise specified. 


5533/5534 
PARAMETER TEST CONDITIONS 
\ , fo = 30Hz 
Nput noise voltage fo = 1kHz 
° = 


: fo = 30Hz 
Broadband noise figure f = 10Hz — 20kHz, Rg = Sk2 


in | tye [ wae | 


rd aViV/Hz 
4.5 |nVi/Hz 


anid 
Uv 


46 ‘ Si}N0ties 


FEATURES PIN CONFIGURATIONS 


e Turn off time less than 2u8 

e Maximum operating frequency greater N PACKAGE 
than 500kHz 

© Timing from microseconds to hours GROUND Wen 

Operates in both astable and monostable 

modes 

High output current 

Adjustable duty cycle RESET CONTROL 

TTL compatible 

Temperature stability of 0.005% per °C 

SE555 Mil std 883A,B,C available M38510 

(JAN) approved, M38510 processing 

available. APPLICATIONS 

Precision timing 

Pulse generation 

Sequential timing 

Time delay generation 

Pulse width modulation 

Pulse position modulation 

Missing pulse detector 


RATING UNIT 


+18 
+16 
600 


TRIGGER DISCHARGE 


OUTPUT THRESHOLD 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 


Supply voltage 
SE555 
NE555, SES555C, 
Power dissipation 
Operating temperature range 
NES55 
SE555, SE555C 
Storage temperature range 
Load temperature (soldering, 60sec) 


0 to +70 
-55 to +125 
-65 to +150 
300 


EQUIVALENT SCHEMATIC 


Yoc 
NC ac 
TRIGGER DISCHARGE 
OUTPUT NC 
wc THAESHOLD 


NC 


CONTROL 
VOLTAGE 


OISCHARGE 


THRESHOLD 


CONTROL 
VOLTAGE 


THRESH: 
OLD 


so 


COMPARATORJH-O 2 
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SESSSF,H,N,N-14 @ SE555C,F,H,N,N-14 @ NE555F,H,N,N-14 


DC ELECTRICAL CHARACTERISTICS T, = 25°C, Vcc = +5V to +15 unless otherwise specified. 


NE555/SE555C 


TEST CONDITIONS 


Vcc = 5V RL =@ 

Voc = 15V Rr = & 
Ra = 2K. to 100KN. 
C= 0.1pF 


PARAMETER 


Supply current (low state)? 


Timing error (monostable) 
Initial accuracy2 
Drift with temperature 
Drift with supply voltage 


Timing error (astable) 
Initial accuracy2 
Drift with temperature 
Drift with supply voltage 


Ra, Re = 1k to 100kN 
C =0.1pF 
Vec = 15V 


Control voltage level Voc = 15V 
Vec = 5V 
Threshold voltage Voc = 15V 


Voc = 5V 


Threshold current3 
Trigger voltage 


Trigger current 
Reset voltage4 


Reset current 
Reset current 


Output voltage (low) 


Voc = 15V 
Voc = 5V 
Viric = OV 


VRESET = OV 
Voc = 15V 


Isink = 10mA 
Isink = 50mMA 
Isink = 100mMA 
Isink = 200mA 
Voc = 5V 
Isink = 8MA 


Isink = 5mMA 
Vcc = 15V 
Isource = 200mMA 
IsourRce = 100mA 
Voc = 5V 
IsourcE = 100mMA 


Turn off times | __Wreser=Voc | fos [20 | [os | | ns 


Rise time of output 100 200 100 300 ns 
Fall time of output 100 200 100 300 ns 
Discharge leakage current : 


Output voltage (high) 


NOTES 


1. Supply current when output high typically 1mA less. 

2. Tested at Vcc = §V and Vcc = 15V. 

3. This will determine the maximum value of Ra + Ra, for 15V operation, the max total 
R = 10 megohm, and for 5V operation, the max total R = 3.4 megohm. 

4. Specified with trigger input high. . 

5. Time measured from a positive going input pulse from 0 to 0.8xVcc into the threshold 
to the drop from high to low of the output. Trigger is tied to threshold. 
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SES56N,F e NESS6F,N © SESS6C,F,N 


FEATURES PIN CONFIGURATION 

© Timing from microseconds to hours 

© Replaces two 555 timers 

© Operates in both astable and monostable 
modes DISCHARGE 


F,N PACKAGE 


Temperature stability of 0.005% per °C CONTROL 


VOLTAGE 


© High output current a = 
e Adjustable duty cycle RESHOLD 

e TTL compatible hes Ei 
e 

e 


SE566 MIL STD 883A, B, C available, 
N38510 (JAN planned, 38510 processing 
available). 


APPLICATIONS 


Precision timing 
Sequential timing 
Pulse shaping BLOCK DIAGRAM 
Pulse generator 
Missing pulse detector 
Tone burst generator _ 
Pulse width modulation DISCHARGE DISCHARGE 
Time delay generator 
Frequency division THRESHOLD THRESHOLD 
Industrial controls ; 
Pulse position modulation CONTROL VOLTAGE CONTROL VOLTAGE 
Appliance timing RESET RESET 

Traffic light control 
Touch tone encoder 


[8] TAIGGER 


i ER EE A RE 


‘ec j 


EQUIVALENT SCHEMATIC (Shown for one circuit only) | 
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SE556N,F © NESS6F,N © SESS6CF,N 


Supply voltage 
SE556 +18 
NE556, SE556C, +16 
Power dissipation 600 
Operating temperature range 
NE556 0 to +70 
SE556, SE556C -55 to +125 
Storage temperature range -65 to +150 
Lead temperature +300 
(Soldering, 60 sec) 


PARAMETER TEST CONDITIONS 


Supply current (low state)! Voc =5VRL=2 
Voc = 15V RL = & 


Timing error (monostable) Ra = 2kN to 100kN. 
Initial accuracy2 C = 0.1pF 
Drift with temperature 
Drift with supply voltage 


Timing error (astable) 
Initial accuracy2 
Drift with temperature 
Drift with supply voltage 


Control voltage level Vcc = 15V 
Vcc = 5V 


Threshold voltage Voc = 15V 


[Typ | Max | 


Ee 

ex |23}<]zZ 
>> = 

a 


Ra, Rp = 1k to 100k 
C= 0.1pF 
Vcc = 16V 


wo 
“NS 


Vcc = 5V : 
Threshold currents fee 


Voc = 15V 
Voc = 5V 
Vrric = OV 


Trigger voltage 48 


, Trigger current 


Reset voltages 
Reset current 
Reset current 


Output voltage (low) 


VrESET = OV 
Voc = 15V 
Isink = 10mMA 
Isink = 50mMA 
Isink = 100MA 
Isink = 200mMA 
Voc = 5V 
Isink = 8MA 
Isink = SMA 
Voc = 15V 
IsouRCE = 200mA 
IsouRcE = 100mA 
Voc = 5V 

Isource = 100mMA 


Output voltage (high) 


33 re = 
< << << <<cc pi<pa<blec ie 


Rise time of output 300 ns 


Fall time of output 


Discharge leakage current 


Matching characteristics4 
Initial accuracy2 

Drift with temperature 
Drift with supply voltage 


aes 
o i. 
o 

=] 

un 
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ANALOG 
DEVICES 


VALFURT 
Low Cost Complete 
/P- Compatible 8-Bit DAC 


lel is the total tim 
1/2LSB band a 

t (including 

given for a fu 
10V for the 


Provides for com. 
8-pin DAC's. The 
nt for these 


source each of 
source devices 
Uable from 


FEATURES 
complete 8-Bit DAC 
voltage Output — 2 Calibrated Ranges 
internal Precision Band-Gap Reference 
singte-Supply Operation: +5V to +15V 
Full Microprocessor Interface 
Fast: 1us Voltage Settling to +1/2LSB 
Low Power: 75mW 
No User Trims 
Guaranteed Monotonic Over Temperature 
All Errors Specified T,»;, to 
small 16-Pin DIP Package 
Single Laser-Wafer-Trimmed Chip for Hybrids 
Low Cost 


Tmax 


pRODUCT DESCRIPTION 

The AD558 DACPORT is a complete voltage-output 8-bit 
agital-to-analog converter, including ourput amplifier, full 
sucroprocessor interface and precision voltage reference on a 
sngle monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to 
an analog system. 


The performance and versatility of the DACPORT is a result of 
several recently-developed monolithic bipolar technologies. 
The complete microprocessor interface and control logic is 
-nplemented with integrated injeetion logic (ILL), an extreme- 
ty dense and low-power logic structure that is Process-compat- 
ble with linear bipolar fabrication. The internal Precision 
voltage reference is the patented low-vol tage band-gap circuit* 
which permits full-accuracy performance ona single +5V to 
*15V power supply. Thin-film siticon-chromium resistors 
provide the stabilizy required for guaranteed monotonic op- 
eration over the entire operating temperature range (all grades), 
while recent advances in laser-wafer-trimming of these thin- 
film resistors permit absolute calibration at the factory ro 
within £1 LSB; thus no user-trims for gain or offset are re- 
quired. A new circuit design provides voltage settling to 
*1/2LSB for a full-scale step in 1s, 


The AD558 is available in four performance grades and two 
package types. The AD558)J and K are specified for use over 
the 0 to +70°C temperature range and are available in either a 
16-pin hermetically-sealed side-brazed ceramic DIP or a lower- 
cost 16-pin plastic DIP. The ADS58S and T grades are speci- 
fied for -$5°C to +125°C operation and the hermetically- 
sealed ceramic package is standard. Processing to MIL-STD- 
883, Class B is optional on S and T grades. 


“Covered by U.S. Patent No. 3,887,863, 


AD558 SINGLE SUPPLY “DACPORT™ 


~ PRODUCT HIGHLIGHTS 


1. The 8-bit [7L input register and fully microprocessor- 
compatible control logic allows the AD558 to be directly 
connected to 8- or 16-bit data buses and operated with 


standard control signals. The latch may be disabled for 
direct DAC interfacing. 


2. The laser-trimmed on-chip SiCr thin-film resistors are cali- 
- brated for absolute accuracy and linearity at the factory. 
Therefore, no user trims are necessary for full rated ac- 

curacy over the operating temperature range. 


3. The inclusion of a precision low-voltage band-gap reference 


eliminates the need to specify and apply a separate refer- 
ence source. 


4. The voltage-switching structure of the AD558 DAC section 
along with a high-speed output amplifier and laser-trimmed 
resistors give the user a choice of OV to +2.56V or OV to 
+10V output ranges, selectable by pin-strapping. Circuitry 
is internally compensated for minimum settling time on 
both ranges; typically settling to £1/2LSB for a full-scale 
2.55 volt step in 700ns, 


5. The ADS58 is designed and specified to operate from a 


single +4.5V to +16.5V Power supply. 


6. Low digital input currents, 100A max, minimize bus 


loading. Input thresholds are TTL/low voltage CMOS 
compatible over the entire Operating Vcc range. 


(continued on page 9-16) 
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SPECIFICATIONS {typical @ Ta = +25°C, Vee = +5V to +15V unless otherwise specified) ( ’ 


SS ae 
MODEL AD558] ADS58K ADs58s' ADS58qy) 42 
RESOLUTION 8 Bits : : . be 
RELATIVE ACCURAC¥? ee 
0 to +70°C oe +1/2LSB max £1/4LSB max . ee: iv 
-55°C to +125°C - - ; +3/4LSB max +3/8LSB me 
OUTPUT ; . . 
Ranges OV to +2.56V bd ° - 2 
: OV to +10V > ° . . 
Current, Source : +5mA e +5mA min eee. 
Sink Internal Passive ° " is . 


Pull-Down to Ground* 


OUTPUT SETTLING TIME* Sa 


to 2.56 volt range 0.8us (1.5us max) ° ° c ° a : 
0 to 10 volt range 2.0ps (3.0y1s max) _ . ° ° sere 5 
FULL SCALE ACCURACY . q D (cerami 
@ 25°C £1.5LSB (40.6%) max £0.5LSB (40.2%) max * “s 
Tmin to Trex +2.5LSB (£1.0%) max +1LSB (40.4%) max * ag 
ZERO ERROR ase 
@ 25°C ' 41 LSB max +1/2LSB max ° ses 
Tmin t9 Tmax +2LSB max +1LSB max - ss 
MONOTONICITY® 
Tmin tO Tmax ‘ Guaranteed | . . © © 
eee 
DIGITAL INPUTS 
Tin tO Trax 
Input Current +1002A max ° - * 
Data Inputs, Voltage 
Bit On — Logic “1” 2.0V min bi . é its 
Bit Off — Logic “0” 0.8V max : . F 
Control Inputs, Voltage 
On — Logic “1” 2.0V min ; : * 2 
Off — Logic “0” 0.8V max * e . Figu 
TIMING’ . 
Tmin tO Tmax < F 
tw (Strobe Pulse Width) '100ns min 
tpn (Data Hold Time) 10ns max ’ . ig Di 
tps (Data Set-Up Time) 100ns min : © . 
Eee 
POWER SUPPLY Savaiein 
Operating Voltage Range (Vcc) 
2.56 Volt Range +4.5V to +16.5V 2 : . Sg 
10 Volt Range +11.4V to +16.5V a id - 
Current (I¢c) 15mA typ, 25mA max > > * ‘ 
Rejection Ratio _  0,03%/% max ° . ° Le 
POWER DISSIPATION, Vcc = 5V 75mW (125mW max) . ° ae 
Vec = 15V 225mW (375mW max) . ° > r oon 
OPERATING TEMPERATURE wit rs! 
RANGE ‘ ’ wa ee 
We orc . -55°C nis 
Tenax +70°C . +125°C oes 


eee 
NOTES : 


'The ADSS8S and ADSS8T are available fully processed and screened to the requirements of *Specifications same as AD558). 
MIL-STD-883, Class B. A complete description is given on page 9-16 of this data sheet. Order **Specifications same as ADSS8K. 
AD558SD/883B or AD558TD/88 3B. ***Specifications same as ADSS8S. 


? Relative Accuracy is defined as the deviation of the code transition points from the ideal 
transfer point on a straight line from the zero to the full scale of the device. 

? Operation of the 0 to 10 volt output Tange requires a minimum supply voltage of +11.4 volts, 

* Passive pull-down resistance is 2k for 2.56 volt range, 10k for 10 volt range. 

* Settling time is specified for a positive-going full-scale step. Negative-going steps to zero are 
slower, but can be improved with an external pull-down. See page 9-19 of this data sheet for details, 

* A monotonic converter has a maximum differential linearity error of +1LSB. 

"See Figure 8, page 9-18. . 


Specifications subject to change without notice. 
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CHIP AVAILABILITY 


ro Ground... ot gte cee eee eee ee s OV 10 418V 


pagal Inputs (Pins 1-10) ........05.. tt. 2. . 0 Veg and dimensions. All four grades are available with guaranteed 
ott te Sard Rac ase oe hs NE, Indefinite Short’ to Ground temperature specifications from +25 € to Tax. Consult the 
VouT factory for details. : 


wer Dissipation. ............. ee 450mW 
storage Temperature Range . ‘MouriAELECT: Oo ed 
N (plastic) Package .... . ieee Ten -25°C to +100°C 
D (ceramic) Package........----- ~55°C to +150°C 
ead Temperature (soldering, 10 second).......... 300°C 
qhermal Resistance 
Junction to Ambient (Junction to Case) 
N (plastic) Package .....--.-..--. “. .140(55)°C/W 
D (ceramic) Package.......----.-4- .100(30)°C/W 


. 


(LSB) OBO 


DBI 
DB2 
Des 
OB4 
DBs 


DBS 


Figure 2. AD558 Chip Bonding Diagram 
(Dimensions shown in inches and (mm)) 


(MSB) DB7 


Tor VIEW 


Figure 1. AD558 Pin Configuration 
OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 


D (CERAMIC) PACKAGE N (PLASTIC) PACKAGE 


PL IDENTIFIER 


O91 2057) MAK ater ; ; 26m 7 
Passes] ip mi 4 zi hi pt ar 
A cosaeed baer SVVTIN a= oon 
‘a | | FIs (3.1) 28) 
wom = om pai OCT) @ Bt) plea gar 
= iM ae 
AD558 ORDERING GUIDE 
Relative Accuracy Full-Scale 
, : Error Max Error, Max 
Model Package Temperature Tin tO Trex Tmin tO Tmax 
AD558JN Plastic 0 to +70°C +1/2LSB +2.5LSB 
AD558KN Plastic 0 to +70°C +1/4LSB +1LSB 
AD558JD Ceramic 0 to +70°C £1/2LSB +2.5LSB 
AD558KD Ceramic 010 +70°C +1/4LSB +1LSB 
_AD558SD Ceramic -55°C to +125°C +3/4LSB +2.5LSB 
AD558SD/883B Ceramic -55°C to +125°C +3/4LSB +2.5LSB 
AD558TD Ceramic -55°C to +125°C +3/8LSB _ +1LSB 
ADS58TD/883B Ceramic -55°C to 125°C +3/8LSB +1LSB 
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The ADS558 is available in laser-trimmed, passivated chip form. 
Figure 2 shows the AD558 metalization pattern bonding pads 


see 


(continued from page 9-13) 


7. The single-chip, low power I7L design of the AD558 is 
inherently more reliable than hybrid mulu-chip or con- 
ventional single-chip bipolar designs. The AD558S and T 
grades, which are specified over the -55°C to +125°C 


The internal precision voltage reference is of the patented 
band-gap type. This design produces a reference voltage of 1.2 
volts and thus, unlike 6.3 volt temperature-compensated zeners,. 
may be operated from a single, low-voltage logic power supply, 


CONNECTING 


The microprocessor interface logic consists of an 8-bit data & The AD5S58h 


; 
; 
. 
: 
* 


temperature range, are.avajlable fully processed to 


MIL-STD-883, Class B. high-speed are advantages of the I2L design as applied to this jpternally. In 
8. All AD558 grades are available in chip form with guar- section. 17L is bipolar process compatible so that the perform. — the factory 
anteed specifications from +25°C to Tmax. MIL-STD-883, ance of the analog sections need not be compromised to pro- only connectid 
Class B processing is standard on Analog Devices bipolar vide on-chip logic capabilities. The control logic allows the single jumper q 
chips. Contact the factory for additional chip information. latches to be operated from a decoded microprocessor ad- poard layout i 
dress and write signal. If the application does not involve a one side of the 


CIRCUIT DESCRIPTION : 

The AD588 consists of four major functional blocks, fabri-. 
cated on a single monolithic chip (see Figure 3). The main 

D to A converter section uses cight equally-weighted laser-trim- 
med current sources switched into a silicon-chromium thin- 
film R/2R resistor ladder network to give a direct but unbuf- 
fered OmV to 400mV output range. The transistors that form 
the DAC switches are PNPs; this allows direct Positive-voltage 
logic interface and a zero-based output range. 


ConTaot PAGES ATA reliability, military-temperature range AD558 grades S and T Ie if 
: se uso are available 100% screened to MIL-STD-883, Class B, method Ror exempisid 
a @ Deo Da! De? 083 Obs Des DNs DBT ‘Veco = GND GND 5004. Table 1 details the test procedure. = 1LSB), ano 
YY XY ¥ Y remembered t 

' match and trac} 

: (0 to -100ppm 


Gar 
REFERENCE bi Biro SWITCHING 


TO-A CONVERTER 


Figure 3. AD558 Functional Block Diagram 


The high-speed output buffer amplifier is operated in the non- 
inverting mode with gain determined by the user-connections 
at the output range select pin. The gain-setting application 
resistors are thin-film laser-trimmed to match and track the 
DAC resistors and to assure precise initial calibration of the 


latch and control circuitry. Low-power, small geometry and © 


uP or data bus, wiring CS and CE to ground renders the latches 


“transparent” for direct DAC access. 


MIL-STD-883 

The rigors of the military/aerospace environment, temperature 
extremes, humidity, mechanical stress, etc., demand the utmost 
in electronic circuits. The AD558, with the inherent reliability 
of integrated circuit construction, was designed with these 
applications in mind. The available hermetically-sealed, low 
profile DIP package (“D” suffix) takes up a fraction of the 
space required by equivalent modular designs and protects 

the chip from hazardous environments. To further ensure 


1) Internal Visual 
(Pre cap) 


2) Stabilization Bake 


Method 2010, Test Condition B 


Method 1008, 24 hours @ +150°C 


_ 3) Temperature Cycling Method 1010, Test Condition C, NOTE: Decrea 
10 Cycles, -65°C to +150°C GND will not 
4) Constant Acceleration Method 2001, Test Condition E, rents in GND. 


Y1 plane, 30kg 


Method 1014, Test Condiuon A 
and C 


Method 1014, Test Condition B, 
160 hours @ +125°C min 


Performed 100% to all min and 
max de specifications on data pages. 


Method 2009 


5) Seal, Fine and Gross 
6) Burn-in Test 
7) Final Electrical Tests 


8) External Visual 


Table 1. MIL-STD-883, Class B Test Procedures 


reference, outp 


power supply | 
range requires 
Because of its 
tended to be o 


complished by 
buffer. A resisq 


output range. 


is performed. F 
full-scale outp 
shown are no 


recommended 


two output ranges, OV to 2.56V and OV to 1OV. The amplifier a. 
output stage is an NPN transistor with passive pull-down for 
zero-based output capability with a single power supply. 
b. f 
Figur 
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TIMING AND CONTROL 

The AD558 has data input latches that simplify interface to 

8- and 16-bit data buses. These latches are controlled by Chip 
Enable (CE) and Chip Select (CS) inputs, pins 9 and 10 respec- 
tively. CE and CS are internally “‘NORed” so that the latches 
transmit input data to the DA€ section when both CE and CS 
are at Logic “0”. If the application does not involve a data 
bus, a “00” condition allows for direct operation of the DAC. 
When either CE or CS go to Logic “I”, the input data is 
latched into the registers and held until both CE and CS return 
to “0”. (Unused CE or CS inputs should be tied to ground.) 
The truth table is given in Table II. The logic function is also 
shown in Figure 7. 


Latch 


Input Data DAC Data = Condition 


0 “transparent” 
“transparent” 
latching 
latching 
latching 


latching 


~ OF OF CO 


1 
0 
1 
0 
1 
x previous data latched 
previous data latched 


x es moo QI 
Hx mMmMoO oo FBI 


x 


Notes: X = Does not matter 
F = Logic Threshold at Positive-Going Transition 


Table Il, AD558 Control Logic Truth Table 


INPUT DATA 


Figure 7. AD558 Control Logic Function 


9-18 D/A CONVERTERS 


Figure 8 shows the timing for the data and control signals; 
CE and CS are identical in timing as well as in function. 


VALID 


q 
= DATA 


ty = Strobe puter wath 
ton © Date hotd time 
tos = Date setup time 


Teerting © DAC output settling time to 21/2LSB. 


Figure 8. AD558 Timing 


USE OF Voyt SENSE 

Separate access to the feedback resistor of the output ampli- 
fier allows additional application versatility. Figure 9a shows 
how I X R drops in Jong lines to remote loads may be cancelled 
by putting the drops “inside the loop”. Figure 9b shows how 
the separate sense may be used to provide a higher output cur- 
rent by feeding back around a simple current booster. 


b. Output Current Booster 


Figure 9. Use of VouT sense 


OPTIMIZING 


negative-going 
down resistor 


F 


BIPOLAR OU; 
The AD558 w: 
supply and is 

+2.56 and OV 1 
available, bipol 
output offsetti 
volt output ran 
ply is available! 
1.2 volt referen 
The ADS44 ou 
volt output swi 
tary offset bing 


Figure 117. Big 


INTERF ACIN( 
BUSES* 

The AD558 is c 
in memory that 
memory locatic 
allows data pre' 
later via the RA 
cither ROM or. 
Popular microp 


Operation with single 5V supply 

TTL compatible inputs and outputs 
Operation to SOMHz 

External loop gain control 

Reduced carrier feedthrough 

No elaborate filtering needed in FSK 
APPLICATIONS applications ° 


© High speed modems Can be used as a modulator 
FSK receivers and transmitters Variable loop gain (Externally 


The NE564 is a versatile, high frequency 
Phase Locked Loop designed for operation 
up to SOMHz. As shown in the block diagram, 
the NE564 consists of a VCO, limiter, phase 
comparator, and post detection processor. 


I,N PACKAGE 


SE /NE564-N,1 
DESCRIPTION FEATURES PIN CONFIGURATION 


e 
| e Frequency synthesizers Controlled) 
© Signal generators 
] ORDER PART NO. 
SE /NE564 
ABSOLUTE MAXIMUM RATINGS FUNCTIONAL DESCRIPTION 
PARAMETER RATING The NES64 is a monolithic phase locked 
loop with a post detection processor. The 
V+ Supply voltage use of Schottky clamped transistors and op- 
Pin 1 timized device geometries extends the fre- 
Pin 10 quency of operation to greater than 50MHz. 
Po Power dissipation In addition to the classical PLL applications, 
Ta Operating temperature NE Oto 70 the NE564 can be used as a modulator with 
Operating temperature SE —55 to +125 a controllable frequency deviation. 
Siormaetempersiie =o 15150 The output voltage of the PLL can be written 


as shown in the following equation: 


(in = fo) 


Kyco 


Vo = Equation 1 


Kyco = conversion gain of the VCO (see figure 7) 
fin = frequency of the input signal 

fo = free running frequency of the VCO 

The process of recovering FSK signals in- 
volves the conversion of the PLL output into 
logic compatible signals. For high data 
rates, a considerable amount of carrier will 
be present at the output of the PLL due to 
the wideband nature of the loop filter. To 
avoid the use of complicated filters, a com- 
parator with hysterisis or Schmitt trigger is 
POST DETECTION h required. With the conversion gain of the 
VCO fixed, the output voltage as given by 
Equation 1 varies according to the frequen- 
cy deviation of fin from fo. Since this differs 
from system to system, it is necessary that 
the hysterisis of the Schmitt trigger be ca- 
pable of being changed, so that it can be 
optimized for a particular system. This is 


Sinotics 309 


PHASE LOCKED LOOP 


SE /NE564-N.1 


ELECTRICAL CHARACTERISTICS v+ = 5V, Ta = 25°C, fo = SMHz, Ig = —200yA unless otherwise specified. 


PARAMETER 


Maximum VCO frequency 


Lock range 


- . cai < 100 


fo = 5MHz, Ta = —55°C to 125°C 


VCO frequency drift with 
temperature 


Test Circuit: Figure 1 


TEST CONDITIONS 


Input > 200mVrms, Ta = 25°C 


125°C 
—55°C 
=o°c 
= 70°C 


= 1002 


= 0°C to 70°C 


fo = 500kHz, Ta = —55°C to 125°C 


VCO frequency change with 
supply voltage 
Demodulated output voltage 


= 0°C to 70°C 


V+ = 4.5V to 5.5V 


Modulation frequency: 1kHz, fo = 5MHz 
Input deviation: 10%, T = 25°C 
1%, T = 25°C 
T=0°C 
= —-55°C 
70°C 
= 125°C 


Linearity Deviation: 1% to 8% 


PPM/°C 


Signal to noise ratio 
AM rejection 


Supply current 
Leakage current 
Output current 


Supply voltage 


accomplished in the 564 by varying the volt- 
age at pin 15 which results in a change of 
the hysterisis of the Schmitt trigger. 


For FSK signals, an important factor to be 
considered is the drift in the free running 
frequency of the VCO itself. If this changes 
due to temperature, according to Equation 1 
it will lead to a change in the dc levels of the 
PLL output, and consequently to errors in 
the digital output signal. This is especially 
true for narrow band signals where the devi- 
ation in fig itself may be less than the 
change in fg due to temperature. This effect 
can be eliminated if the dc or average value 
of the signal is retrieved and used as the 
reference to the comparator. In this manner, 
variations in the dc levels of the PLL output 
do not affect the FSK output. 


VCO Section 

Due to its inherent high frequency perform- 
ance, an emitter coupled oscillator is used in 
the VCO. In the circuit, shown in the equi- 
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valent schematic, transistors Qo4 and Qo3 
with current sources Qo5—Qog form the ba- 
sic oscillator. The free running frequency of 
the oscillator is shown in the following equa- 
tion: 

t 


{, = ———_ Equation 2 
°  16R,Cy ee 


Ro = Rig = Rag = 10012 (INTERNAL) 
Cy = external frequency setting capacitor 


Variation of Vg (phase detector output volt- 
age) changes the frequency of the oscilla- 
tor. As indicated by Equation 2, the frequen- 
cy of the oscillator has a negative 
temperature coefficient due to the positive 
temperature coefficient of the monolithic re- 
sisior. To compensate for this, a current IR 
with negative temperature coefficient is in- 
troduced to achieve a low frequency drift 
with temperature. 


Phase Comparator Section 


The phase comparator consists of a double 
balanced modulator with a limiter amplifier 


Si NDtics 


to improve AM rejection. Schottky clamped 
vertical PNPs are used to obtain TTL level 
inputs. The loop gain can be varied by 
changing the current in Q4 and Q45 which 
effectively changes the gain of the differen- 
tial amplifiers. This can be accomplished by 
introducing a current at pin 2. 


Post Detection Processor 


Section 

The post detection processor consists of a 
unity gain transconductance amplifier and 
comparator. The amplifier can be used as a 
de retriever for demodulation of FSK sig- 
nals, and as a post detection filter for linear 
FM demodulation. The comparator has ad- 
justable hysterisis so that phase jitter in the 
output signal can be eliminated. 


As shown in the equivalent schematic, the 
dc retriever is formed by the transductance 
amplifier Qg49—Q43 together with an exter- 
na! Capacitor which is connected at the am- 


empresa caret 


a 


PHASE LOCKED LOOP 


SE/NES64 


a 


plifier output (pin 14). This forms an integra- 
tor whose output voltage is shown in the 
following equation: 


qi ‘ 
Vo = = Vindt Equation 3 
9m _ = transconductance of the amplitier 
Cy = capacitor at the output (pin 14) 
Vin = Signal voltage at amplifier input 


With proper selection of Co, the integrator 
time constant can be varied so that the out- 
put voltage is the dc or average value of the 
input signal for use in FSK, or as a post 
detection filter in linear demodulation. 


The comparator with hysterisis is made up 
of Q49—QsQ with positive feedback being 
provided by Q47—Qag. The hysterisis is 
varied by changing the current in Q59 witha 
resulting variation in the loop gain of the 
comparator. This method of hysterisis con- 
trol, which is a dc control, provides symmet- 
ric variation around the nominal value. 


EQUIVALENT SCHEMATIC 


Design Formula 
The free running frequency of the VCO is 
shown by the following equation: 


1 
fo = T6R,C; in Hz Equation 4 


Re 
Cy 


10082 
external cap in farads 


The loop filter diagram shown is explained 
by the following equation: 


1 


F(s) = ———— : 
(s) 14 sRCy Equation 5 


R = Ry2 = A413 = 1.3k9 (INTERNAL) 

By adding capacitors to pins 4 and 5, two 
poles are added to the loop transter function 
ee 1 

oem AGS. 

FM DEMODULATOR 


The NE564 can be used as an FM 
demodulator. The connections for operation 


SE/NE564-N.I 


at 5V and 12V are shown in figures 2 and 3 
respectively. The input signal is ac coupled 
with the output signa! being extracted at pin 
14. Loop filtering is provided by the capaci- 
tors at pins 4 and 5 with additional filtering 
being provided by the capacitor at pin 14. 
Since the conversion gain of the VCO is not 
very high, to obtain sufficient demodulated 
output signal the frequency deviation in the 
input signal should be fairly high (1% or 
higher). 


MODULATION TECHNIQUES 

The NE564 phase locked loop can be modu- 
lated at either the loop filter ports (pins 4 
and 5) or the input port (pin 6) as shown in 
figure 4. The approximate modulation fre- 
quency can be determined from the frequen- 
cy conversion gain curve shown in figure 5. 
This curve will be appropriate for signais 
injected into pins 4 and § as shown in 
figure 4. 
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Se eee oe nich EFFiciency RED IMIW57164 


BAR GRAPH DISPLAY 


FEATURES 


Large segments, closely spaced cst 
End stackable qe TO \Y 
Fast switching, excellent for multiplexing YREBSEVee 
Low power consumption i 
Directly compatible with 1C’s 

Wide viewing angle ) «gr: 
Standard .3” DIP lead spacing | | l { | puke 


Categorized for luminous intensity (see note 4) 


DESCRIPTION 


The MV57164 is a 10 segment bar graph display with 
separate anodes and cathodes for each light segment. 
The packages are end stackable. 


t: ABSOLUTE MAXIMUM RATINGS 


Povier dissipation O25 CiambeN th seccimak- as) ok rte eehwe wis Ah apeiiawin ee bee ate mardlahaae Kh ermmuscarees 750 mW 
Deratellineanivatrom 50: C.;.'4.0..cenemcee tue Wee CA Be Gea Here ah tates wee te, Mea ile O00 Si! 1a a -14.3 mW/°C 
Storage and! operating tempenraturesc.c gcse ox cm cmcreraiein ob Fe Wha ae WE ee Wes Cue we wae -40°C to 85°C 
Continuous forward current 

MOtall asad cnc Pate hs keometat Slee ARGNe ee, ot PRE ARNIA oe shy oP Eb Sed aon 2 Goce Sian ae 300 mA 

Rersegmenit ccc xt. Spaces aeatecsyesit onsen nye d 4 0 Syuclpen omytye-e alain wienabanindd Gye cusiteiieebs! ae cine aie Gat aia.e 30 mA 
Reverse voltage 

a REMSEGMENt ual nar nis aie eroceneresemaneun chatave-areiGrat beaches dur whr amet @ axe A aed henwayt She hake ad 6.0 V 

Solder cme Gla 6 (see Notes) ace wile ha o.s ate, Rh Rw Rn Sie oe Dwr oae oe ie ee BS et 5 sec. 


TYPICAL THERMAL CHARACTERISTICS 


Tihermaliresistance. junctiontotreeair Diya. ac24 ahaa settee $4 sPeiadon ee da eS eS 160°C/W 
Wavelength temperature coefficient (case temp)... 1... eee eee 1.0 A/°C 
Forward voltage temperature coefficient)... c.ms a4 stunts ne dee BEG OE es eee ~2.0 mV/°C 


FILTER RECOMMENDATIONS 


For optimum on and off contrast, one of the following filters or equivalents may be used over the display: 


fo Panelgraphic Red 60 
Homatite 100 — 1605 


“ MV57164 


ELECTRO-OPTICAL CHARACTERISTICS (25°C Free Air Temperature Unless Otherwise Specified) 
TEST 
TYP. MAX, UNITS CONDITIONS 


Forward Voltage d Ip = 10mA 


Luminous intensity (unit avg.) (see Note 1) 510 te = 10 mA 
Peak emission wavelength 
Spectral line half width 
Dynamic resistance 

Segment Ip =20mA 4 
Capacitance V=0 
Switching Time 50 2 system 
Reverse Voltage i In = 100 uA 


PACKAGE DIMENSIONS 


070 
(1.78mm) _ a fice zoom | | Sasa 
+ .002" +.010" 
f ! 4 


400° MAX 
(10.16mm) 


CHAM TO 
INDICATE 
PIN =1 


995'" MAX 
(25.27mm) 


\ PART NO 


AN 


DATE CODE 


LIGHT INTENSITY 
CATEGORY 


Nod 
‘ 


~ i MV57164 +005" 
160" | t | +,002" 
(A.06eamn) (1.27mm) 
O15 020" TYP : sen | 
(0.51mm) ¥ ; 
100 (7 62mm) C1468 
(2.54mm) O10" 

010° 


PIN CONNECTIONS 


ELECTRICAL 
CONNECTIONS 


PIN 


ELECTRICAL ELECTRICAL ELECTRICAL 
. | CONNECTIONS CONNECTIONS CONNECTIONS 


1 | Bar 1 Anode Bar 6 Anode Bar 10 Cathode Bar 5 Cathode 
2 | Bar 2 Anode Bar 7 Anode Bar 9 Cathode Bar 4 Cathode 
3 | Bar 3 Anode Bar 8 Anode Bar 8 Cathode Bar 3 Cathode 
4 |Bar 4 Anode Bar 9 Anode Bar 7 Cathode Bar 2 Cathode 
5 | Bar 5 Anode Bar 10 Anode Bar 6 Cathode Bar 1 Cathode 


GENERAL INSTRUMENT 
Onimtlantreeise HIGH EFFiciENcy RED «WIW57173 
5” RECTANGULAR LAMP 


FEATURES 

® 500” x .250” lighted area 

= Solid state reliability 

= Fast switching — excellent for multiplexing 

® Low power consumption , 
® Directly compatible with IC’s 

m™ Wide viewing angle 

@ 2" DIP lead spacing 

® Mounting hardware available 

® Categorized for luminous intensity (See note 1) 


APPLICATIONS 


@ Panel indicators 
@ Backlight legends 
® Light arrays 


DESCRIPTION 


The MV57173 is a large rectangular lamp which 
contains two LED chips with separate anodes and 
cathodes for each light. The illuminated area is 0.500 
inches x 0.250 inches (12.7 mm x 6.35 mm). 


Separate mounting hardware is available. See MP73., 


eS 
ABSOLUTE MAXIMUM RATINGS 


POMPEO RSet at 20 glued, wy. o dna Sadia 2, 5 tee aoe arate, WL SE Ben pease AMINE “Son, cece ots atsnss ccd 200 mw 
Derate linearly from 50°C. 3.2 oo accuse cae naa s ws adves Gu Baw GY 64 Ga ben wee on cds ous -4.3 mw/°C 
SLONAGE Tem Per atU net acer tiie a. i: ja eM caReee Rial an BO, Reemaea Dye gt IS Bee od foe i es anny a: Luin anil -40°C to 100°C 
Operating) Vemperatures oa... c agent armnavene shee G. aus. i Women READ Ae ca: © <. & a enw bo hoagie -40°C to +85°C 
Continuous Forward Current per light (25°C)... 2. eee eee eee. 35 mA 
Peak Forward Currentiper LED CMD ac success ges den tonic arta ahem Ae AG Sk GEER GR. RL Rae 1.0A 


(1 psec pulse width, 300 pps} 
Solder Time at 260°C (See note 2) 


Thermal resistance junction to free air Pyag. ee ee eee eee eee, 160°C/W 
Wavelength temperature coefficient (case temp)... 22... ee eee eee eee. 1.0A/°C 
Forward voltage temperature coefficient... 2.2.2... eee e eee eeee. -2.0mV/°C 


eS 
FILTER RECOMMENDATIONS 
» For optimum on and off contrast, one of the following filters or equivalents may be used over the lamp: 


Panelgraphic Red 60 
Homalite 100—1605 
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V57173 
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PACKAGE DIMENSIONS 


ORIENTATION MARK 
Pin #1 


.125" 
(3.18mm) 
.500 
(13.97mm) (12.70mm) 
.275" .250” 
(6.99mm) (6.35mm) 
.148" 
(3.76mm) 295" 
(7.49mm) DATE CODE 
PART NO. 
——n LIGHT 
INTENSITY 
CATEGORY 
315" 
(8.00mm) MV57173 
-470" REF 
| (11.94mm) 
/ 
.160” 
(4.06mm) 
+.015” 
- .010” 
.200 (0.25mm) 
(5.08mm) ————=— +.002" 
+.015” 
020° TYP 
(0.51mm) C1467 
+.002” 
TOLERANCE +.010”" UNLESS SPECIFIED. 
PIN CONNECTIONS 
6 5 4 
ELECTRICAL 
? CONNECTIONS 
1 Cathode 1 
2 No Pin K 
3 Anode 2 
4 Cathode 2 1 3 
an) NC 
6 Anode 1 SCHEMATIC 


- Distinctive Characteristics 


- to the Signetics SE592 and NE592. 
| @ Bandwidths: 40 to 120 MHz 

- @ Rise times: 2.5 to 10 ns 

| © Propagation delay: 3.6 to 10 ns 


MIL-STD-883A 


FUNCTIONAL DESCRIPTION 


video recorder systems. 


ORDERING INFORMATION 


Part Package Temperature 
Number Type Range 

TO-100 0°C to +70°C 
: DIP 0°C to +70°C 
Am592C Molded DIP 0°C to +70°C 
Dice 0°C to +70°C 

TO-100 -55°C to +125°C 

Am592 ole -55°C to +125°C 


Dice -55°C to +125°C 


Differential Video Amplifier 


PRELIMINARY DATA 


 @ 100% reliability assurance testing in compliance with 


The Am592/Am592C is a monolithic, two stage, differential 
output, wideband video amplifier. It offers fixed gains of 100 
and 400 without external components and adjustable gains 
from 400 to 0 with one external resistor. The input stage has 
been designed so that with the addition of a few external 
reactive elements between the gain select terminals, the circuit 
can function ‘as a high pass, low pass, or band pass filter. This 
feature makes the circuit ideal for use as a video or pulse 
amplifier in communications, magnetic memories, display and 


Order 
Number 


AM592HC 
AM592DC 
AM592PC 
LD592C 


AM592HM 
AM592DM 
LO592 


e The Am592 and Am592C differential video amplifiers © 
are functionally, electrically and pin-for-pin equivalent 


8-9 


Electrically tested and optically inspected dice for 
hybrid manufacturers 

120 MHz bandwidth 

Adjustable gains from 0 to 400 

Adjustable pass band 

No frequency compensation required 

Available in meta! can, hermetic dual-in-line or plastic 
dual-in-line packages 


CONNECTION DIAGRAMS 
Top Views 


Dual-In-Line Metal Can 


Note: On Metal Can, pin 5 is conneted to case. 


‘Metallization and Pad Layout 


DIE SIZE 41 X 41 mils 


Am592 


ABSOLUTE MAXIMUM RATINGS 
—— aie i io: a ka. a fe NE SRS en a ae 


te 
B 


Supply Voltage ; : - +8V ‘ 
Differential Input Voltage t5V 
‘Common Mode Input Voltage +by _ 
Output Current 7 ima i 
Operating Temperature Range : t 

Am592 ~55°C to +125°C © 

Am592C O°Cto + 70°C © 


Storage Temperature Range ~65°C to +150°¢ i 


ELECTRICAL CHARACTERISTICS Standard Conditions (Tq = +25°C, Vg = +6V, Vow = 0 unless otherwise specified) 


Am592C Am592 
Parameter Conditions Min. Typ. Max. Min. Typ. Max. Units 


Differential Voltage Gain 


Propagation Delay 


Ry = 2k2, Vout =3V ep 


Vout = 1V pp 
Vout = 1V p-p | 


75 


fra 
in 


Note 2 10 30 
Input Capacitance Note 2 | 2.0 
Input Offset Current 04 


Input Bias Current 


Input Noise Voltage BW 1kHz to 10kHz 


; : VCM + 1V, F <100kHz 
Common Mode Rejection Ratio 


VCM + 1V, F = SMHz 
Supply Voltage Rejection Ratio AVS = +0.5V 
Output Offset Voltage 


22) 
t=} 


Q 
oO 


2 
a 
a 


Note3 AL == 0.75 


Fourie 


Recommended Operating Supply Voltage (Vs = 26.0V) 
Notes: 1. Gain select pins Gy ,q and G1g connected together. 
2. Gain select pins Ga aq and Gag connected together. : 
3. All gain select pins open. 4 
, 


Din 
o/c 


nn 
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Designed specially for applications requiring a hand operated 
panel mounted optical encoder, the PANELCODER Series 
offers the lowest cost unit available. The mounting configuration 
has been designed to correspond with typical potentiometer type 
panel mounting. Complete with a built in 2 + 1 inch ounce 


torque to prevent flywheel or knob movement under vibration. 


ROTASWITCH® INCREMENTAL SHAFT ENCODERS 


PANELCODER™ SERIES 


This unit employs solid state, LED sources and a circuit board 


edge connector. 

If you are considering eliminating old style potentiometers with 
their wiper wear and noise, the PANELCODER Series offers you 
the way to go digital economically. For further information, 


please contact our application Engineering Department. 


SPECIFICATIONS 


Mechanical 
Outline and Mounting......-.- See reverse side 
Speed 
(Manually Operated) ...... 100 rpm max. cont.; 
300 rpm @ 10% duty cycle 

Torque... eee eee ee eee ee 2 + 1 in. oz. 
Environmental 
Temperature, Operating ......- O°C to 55°C 

Storage ...--.- —40°C to 85°C 
Electrical 
Power Input (VCC) ........- 5 vde + 5% @ 60 ma max. 
COO ek ate SPS sseha akets Bes OG’ Incremental, quadrature 
Resolution. ¢sasedeia teem oe As Specified 256 Pulses per 


Revolution max. 


Model 66D 


Output @ 10K fLload .. 1... Logic ‘1’ 4.0 V min. 
Logic ‘0’ 0.5 V max. 
Quasi-square wave 


Model 62D ’ 
Output @ 500 Nn. load. ...... Logic ‘1’ 3.5 V min. 


Logic ‘0° 0.5 V max. 
Square wave, 


TTL compatible 


Accuracy .2.00482cck oes +10 minutes of arc 
Termination .....2---+-e--e--- Solder terminals, optional 
Connector ....--.-ee2-eee- Compatible with Cinch 


#50-6A-20 or equivalent 


© 1979 OSC INSTRUMENTS. INC 


1OBMAX. — 
27.4mmMAK, 


3/8-32 UNEF 
MOUNTING NUT SUPPLIED 


2497 
2487 
42mm 
6.317mm 
1.50 
38.1mm 


A 
[pein 


iF CONNECTOR NOT USED, 
SOLDER BOTH SIDES OF WIRE 
FOR CONTINUITY 


4 ene 
JUL it ik. “A 


OUTPUT 
JLOU L's 


CW ROTATION OF SHAFT 


OUTPUT CONFIGURATIONS 


MODEL 66D 


“+ @ 245° Electrical 


OUTPU 
7i) oo A 


OUTPUT 


~—— +5VDC 
—— OUTPUTA 


—t— KEYWAY 


—— OUTPUT B 
_—— n/c 
—— GROUND 


CW ROTATION OF SHAFT 


156 _ 
Som" 5 Places 


TERMINAL IDENTIFICATION 
VIEW A-A 


SCHEMATIC SCHEMATIC 


MODEL DESIGNATION 


PC 66D - 200-5 


PANELCODER ] Ve vpc 


BASIC MODEL PULSES PER REVOLUTION 


66D QUASI-SQUARE WAVE As specified [256 PPR max.] 
62D SQUARE WAVE, TTL COMPATIBLE 


CROERING INFORMATION 


Call out per Model Designation above, specifying: 


1. PANELCODER Model Number 
2. Pulses Per Revolution 

3. VDC 

4. Quantity and Delivery Required. 


DISC INSTRUMENTS, INC.°102 EAST BAKER ST.* COSTA MESA, CALIFORNIA 92626* PHONE (714)979-5300° TWX910-595-1987 DISC CSMA 
678-3-15B8CP Printed in USA 
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Synertek 


MICROPROCESSOF 


SY6522 Versatile Interface Adapter (VIA). 


Features 


Two 8-Bit Bidirectional 1/O Ports 

Two 16-Bit Programmable Timer/Counters 

Serial Data Port 

Single +5V Power Supply 

TTL Compatible 

CMOS-Compatible Peripheral Port A Lines 
Expanded “‘Handshake” Capability Allows Positive 
Control of Data Transfers Between Processor and 
Peripheral Devices 

Latched Output and Input Registers 

1 MHz and 2 MHz Operation 


Ordering Information 


Order Package Clock 
Number Type Rate 


SYC 6522 
SYP 6522 Plastic 
SYC 6522A | Ceramic 
SYP 6522A 


Ceramic 


Plastic 


Block Diagram 


INTERRUPT 
CONTROL 


ENABLE 
(ER) 


DATA 
BUS 
BUFFERS 


PERIPHERAL 


AUXILIARY 
(ACR) 


FUNCTION 
CONTROL 


LATCH 


{(T1L-H) (TIL-t} 


COUNTER 
(TIC-H) 


COUNTER 
(T1C-L) 


TIMER 1 


TIMER 2 


(T2L-L) 


COUNTER 
(T2C-H) 


COUNTER 
{T2C-L) 


Pin Configuration 


SY6522 


INPUT LATCH 


DATA DIR. 
(DDRA)} 


PORT A REGISTERS 


HANDSHAKE 
CONTROL 


SHIFT REG. ie eae 
(SR) 


PORT B REGISTERS 


INPUT LATCH 


BUFFERS a 
PB) > Por | 


DATA DIR. 
{DDRB} 


= 


=a SYNERTEK" INC. ® P.O.BOX552—MS/34 © SANTACLARA.CA95052 e  TEL.(408)988-5600 @ TWX 910° pt 


1333 For Extended Temperature Range, see Page 1348. OIC 


Ns. 


jures 


‘On-chip baud rate generator: 15 programmable baud 
+ B ates derived from a standard 1.8432 MHz external 
stal (50 to 19,200 baud). 
e Programmable interrupt and status register to simpli- 
fy software design. 
& Single +5 volt power supply. 
| Serial echo mode. 
False start bit detection. 


=r 
Bi 


a dering Information 


Ceramic 
Plastic 
Ceramic 
Plastic 


' 
OCE Ss 


elon Tock Diagram 


TRANSMIT 


para [> 
| REGISTER 
q 
c STATUS 
‘. REGISTER 
' “4 SELECT 
& ANO 
, CONTROL 

CONTROL 
es Locic _/| REGISTER 
Lis] 


COMMAND 
REGISTER 


3 
BS synertex: inc. © 
@ Uc master 1982 


P.O. BOX552 — MS/34e 


TRANSMIT 
CONTROL 


TRANSMIT 
SHIFT 
REGISTER 


INTERRUPT 


LOGIC 


BAUD 
RATE 
GENERATOR 


RECEIVE 


tas 
REGISTER 


RECEIVE 
CONTROL 


Asynchronous Communication Interface Adapter 


SANTACLARA.CA95052_® 
For Extended Temperature Range, see Page 1348. 


&-bit bi-directional data bus for direct communication 
with the microprocessor. 

External 16x clock input for non-standard baud rates 
{up to 125 Kbaud). 
Programmable: word lengths; number of stop bits; 
and parity bit generation and detection. 

Data set and modem control signals provided. 

Parity: (odd, even, none, mark, space). 
Full-duplex or half-duplex operation. 

5, 6, 7, 8 and 9 bit transmission. 


Pin Configuration 


1 
2 
‘ 
4 
5 
6 
7 
8 
9 


Synertek 


MICROPROCESSOR 


TEL. (408) 988-5600 © TWX:910-338-0135 
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983501 ED BLUESTEIN BLVD SAUSTIN®TEXAS?78721 


‘SEMICONDUCTORS ~ 


8-BIT MICROPROCESSING UNIT 


The MC6809 is a revolutionary high-performance 8-bit microprocessor 
which supports modern programming techniques such as position in- 
dependence, reentrancy, and modular programming. 

This third-generation addition to the M6800 family has major architectural 
improvements which include additional registers, instructions, and addressing 
modes. 

The basic instructions of any computer are greatly enhanced by the 
presence of powerful addressing modes. The MC6809 has the most complete 
set of addressing modes available on any 8-bit microprocessor today. 

The MC6809 has hardware and software features which make it an ideal 
processor for higher level language execution or standard controller applica- 
tions. 


MC6800 COMPATIBLE 
@ Hardware — Interfaces with Al! M6800 Peripherals 
® Software — Upward Source Code Compatible Instruction Set and 
Addressing Modes 


ARCHITECTURAL FEATURES 
® Two 16-bit Index Registers 
@ Two 16-bit Indexabie Stack Pointers 
® Two 8-bit Accumulators can be Concatenated to Form One 16-Bit 
Accumulator 
@ Direct Page Register Allows Direct Addressing Throughout Memory 


HARDWARE FEATURES 

®@ On-Chip Oscillator (Crystal Frequency = 4XE) 

@ DMA/BREQ Allows DMA Operation on Memory Refresh 

@ Fast Interrupt Request Input Stacks Only Condition Code Register 
and Program Counter 

@ MRDY Input Extends Data Access Times for Use with Slow Memory 

© interrupt Acknowledge Output Allows Vectoring By Devices 

@ SYNC Acknowledge Output Allows for Synchronization to External 
Event 

@ Single Bus-Cycle RESET 


@ Single 5-Volt Supply Operation ; 

e aM Inhibited After RESET Until After First Load of Stack Pointer 
@ Early Address Valid Allows Use With Slower Memories 

@ Early Write-Data for Dynamic Memories 


SOFTWARE FEATURES 
@ 10 Addressing Modes 
© 6800 Upward Compatible Addressing Modes 
Direct Addressing Anywhere in Memory Map 
Long Relative Branches 
Program Counter Relative 
True Indirect Addressing 
Expanded Indexed Addressing: a 
0, 5-, 8-, or 16-bit Constant Offsets 
8-, or 16-bit Accumulator Offsets 
Auto-!Increment/Decrement by 1 or 2 
Improved Stack Manipulation 
1464 Instructions with Unique Addressing Modes 
8 x B Unsigned Multiply 
16-bit Arithmetic : 
Transfer/Exchange All Registers 
Push/Pull Any Registers or Any Set of Registers 
Load Effective Address 


ee 


MC68B09 


(2.0 MHz) 


HMOS 


(HIGH DENSITY N-CHANNEL, SILICON-GATE) 


8-BIT 
MICROPROCESSING - 
UNIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 715 


P SUFFIX 
PLASTIC PACKAGE 
CASE 711 


S SUFFIX 
CERDIP PACKAGE 
CASE 734 


©@MOTOROLA INC . 1981 DS3845 
} (Replaces ADI-864 R1i 
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Operating Temperature Range 
MC6809, MC68A09, MC68B09 
MC6B09C, MC6BA08C, MC68B09C 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance 
Ceramic 
Cerdip 
Plastic 


Ty=TAt(PpedJa) 
Where: 
Ta=Ambient Temperature, °C 


PD=PINT+PPORT 
PInt=iccx Vcc, Watts — Ch 


drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and 
Pp=K+(Ty+273°C) 
Solving equations 1 and 2 for K gives: 
K =Poe(T a + 273°C) + 8jAePD2 
Where K is a constant pertaining to the particu 


value of Ta. 


ELECTRICAL CHARACTERIS 


Input High Voltage 


Input Low Voltage 


Input Leakage Current 
(Vin = 0 to 5.25 V, Vcc = max) 
DC Output High Voltage 
(Load = — 205 nA, Vcc = min) 
(Load = — 145 nA, Voc= min) 
(Load= — 100 pA, Vcc = min} 


Capacitance # 
(Vin =0, TA= 25°C, f= 1.0 MHz) 


Frequency of Operation 


(Crystal or External input) 


Three-State (Off State) Input Current 
(Vin = 0.4 to 2.4 V, Voc = max) * 


Supply Voltage -0.310 +7.0 
Input Voltage -0.3 to +7.0 


Storage Temperature Range Tstg 


Characteristic 


DC Output Low Voltage 
“Load = 2.0 mA, Vcc= min) 


Internal Power Dissipation (measured at Ta =0°C in steady state operation) 
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This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit. Reliability of operation is 
enhanced if unused inputs are tied to an ap- 
propriate logic voltage levels (e.g., esther 


Vss or VCC). 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 


(1) 


643A = Package Thermal Resistance, Junction-to-Ambient, °C/W 


ip Internal Power. 


Pport=Port Power Dissipation, Watts — User Determined 
For most applications PPORT <PINT and can be neglected. PpoRT may become significant if the device is configured to 


Ty (if PPORT is neglected) ts: 
(2) 


(3) 
lar part. K can be determined from equation 3 by measuring Pp (at equilibrium) 


for a known Ta. Using this value of K the values of Pp and Ty can be obtained by solving equations {1) and (2) iteratively for any 


nless otherwise noted) 


Logic, EXTAL VIH Vsg+2.0 Vcc Vv 
RESET , VIHR Vsgt+4.0 Vcc 
al =] 


Logic, EXTAL, RESET 


DO-D7 
AQ-A15, R/W, Q, E 
BA, BS 


DO-D7, RESET 
Logic Inputs, EXTAL, XTAL 
A0-A15, R/W, BA, BS 


DO-D7 
A0-A15, R/W 


# capacitances are periodically tested rather than 100% tested 


‘ 
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FIGURE 2 — BUS TIMING 
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2) 


[ Data Delay Time fom SSCS A 

Usable Access Time {See Note 3} 
Processor Control Setup Time (MRDY, Interrupts, DMA/BREQ, tpcs 
HALT, RESET) (Figures 7, 9, 10, 11, 13, and 14) 


Crystal Oscillator Start Time (Figures 7 and 8) 


Processor Control! Rise and Fall Time (Figures 7 and 9} Cr. tPCf 


Pt [ Gye time SeoNow oS te v0 | 10 Jc] 0 | 
[5000 | 280 | $000, | 710-5000 ns 
[3 | Pulse Width, E High SSS id) P| a8 fr800| 200 15700] 220 [16700 | ne — 
[4 Teck Rise ana far tine SSCSC~C—~i P-L [os 
PS Patse wieth, Fig «YW 000 || GE] IG BTO_| ns 
[6] Patse wisth, Otow SP _| #8000] 28015700] 220 |g 7CO | ns | 
tavs | 200 | 260 | 120 | 165 ns 
P98 _| Address Hod Timer (Seo Nowa) —————SSCS~—Ss tt PY - | |] — | 
[10 | BA, BS, R/W, and Addiess Vaid Tine wo ORs ——SSi*dP tw “| OP | 
osa | | - | 0] — | 
p18 | Read Date Hod Times SSS SS~*d te | = 1] | 

a 

= 


| 50 | 
| 80 | 
aa 
| =| 200 | 
| 30 | 


Rh 


E 


* Address and data hold times are periodically tested rather than 100% tested. 


NOTES: a 
1. Voltage levels shown are V; <0.4 V, VH22.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
3. Usable access time is computed by: 1-4-7 max + 10-17. 
4. Hold time ( ) for BA and BS is not specified. 
5. Maximum teyc during MRDY or DMA/BREO is 16 ps. 
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* Internal Three-State Control 


FIGURE 4 — BUS TIMING TEST LOAD 


5.0 V 


mompeiso & FL = 22k 


or Equiv. 
Test Point = 


MMD7000 
or Equiv. 


C = 30 pF for BA, BS R = 11.7 kQ for DO-D7 
130 pF for DO-D7, E, Q 
90 pF for AO-A15, R/W 24 kM for BA, BS 


FIGURE 3 — MC6809 EXPANDED BLOCK DIAGRAM 


- 


16.5 kQ for AO-A15, E, O, R/W 
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Instruction 
Register 


Interrupt FIRO 
Control TRO 


Bus HALT 
Control BA 


PROGRAMMING MODEL 

As shown in Figure 5, the MC6809 adds three registers to 
the set available in the MC6800. The added registers include 
a Direct Page Register, the User Stack pointer and a second 
Index Register. 


ACCUMULATORS (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
Register, and is formed with the A Register as the most 
significant byte. 


DIRECT PAGE REGISTER (DP) 

The Direct Page Register of the MC6809 serves to enhance 
the Direct Addressing Mode. The content of this register ap- 
pears at the higher address outputs (A8-A15) during direct 
Addressing Instruction execution. This allows the direct 
mode to be used at any place in memory, under program 
contro!. To ensure 6800 compatibility, all bits of this register 
are cleared during Processor Reset. 


\ 
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FIGURE 5 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 
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INDEX REGISTERS (X, Y) 

The Index Registers are used in indexed mode of address- 
ing. The 16-bit address in this register takes part in the 
calculation of effective addresses. This address may be used 
to point to data directly or may be modifed by an optional 
constant or register offset. During some indexed modes, the 
contents of the index register are incremented or 
decremented to point to the next item of tabular type data. 
All four pointer registers (X, Y, U, S) may be used as index 
registers. ° 


STACK POINTER (U, S) 

The Hardware Stack Pointer (S) is used automatically by 
the processor during subroutine calls and interrupts. The 
stack pointers of the MC6809 point to the top of the stack, in 
contrast to the MC6800 stack pointer, which pointed to the 
next free location on the stack. The User Stack Pointer (U).is 
controlled exclusively by the programmer thus allowing 
arguments to be passed to and from subroutines with ease. 
Both Stack Pointers have the same indexed mode address- 
ing capabilities as the X and Y registers, but also support 
Push and Pull instructions. This allows the MC6809 to be us- 
ed efficiently as a stack processor, greatly enhancing its abili- 
ty to support higher level languages and modular programm- 
ing. 


PROGRAM COUNTER 

The Program Counter is used by the processor to point.to 
the address of the next instruction to be executed by the pro- 
cessor. Relative Addressing is provided allowing the Pro- 
gram Counter to be used like an index register in some situa- 
tions. 


CONDITION CODE REGISTER 


The Condition Code Register defines the State of the Pro- 
cessor at any given time. See Figure 6. 
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Pointer Registers 


Program Counter 


Accumulators 


Direct Page Register 
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CC — Condition Code Register 


FIGURE 6 — CONDITION CODE REGISTER FORMAT 


Carry 
Overflow 
Zero 
Negative 
IRQ Mask 
Half Carry 
FIRQ Mask 
Entire Flag 


CONDITION CODE REGISTER 
DESCRIPTION 
BIT 0 (C) 

Bit 0 is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a ‘borrow’ from sub- 
tract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 


BIT 1 (V) 

Bit 1 is the overflow flag, and is set to a one by an opera- 
tion which causes a signed two’s complement arithmetic 
overflow. This overflow is detected in an operation in which 
the carry from the MSB in the ALU does not match the carry 
from the MSB-1. 


BIT 2 (Z) 
Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 
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BIT 3 (N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, 
a negative two’s-complement result will leave N set to a one. 


BIT 4 () 

Bit 4 is the IRO mask bit. The processor will not recognize 
interrupts from the IRQ line if this bit is set to a one. NMI, 
FIRQ, (RQ, RESET, and SWI are set | to a one, SWI2 and 
SWI3 do not affect I. 


BIT 5 (H) 

Bit 5 is the half-carry bit, and 1s used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of 
this flag is undefined in all subtract-like instructions. 


BIT 6 (F) 

Bit 6 is the FIRO mask bit. The processor will not 
recognize interrupts from the FIRQ line if this bit is a one. 
NMI, FIRO, SWI, and RESET alt set F to a one. TRO, SWI2 
and SWIi3 do not affect F. 


BIT 7 (E) 


Bit 7 is the entire flag, and when set to a one indicates that - 


the complete machine state (all the registers} was stacked, 
as opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the Condition Code Register represents past action. 


PIN DESCRIPTIONS 


POWER (Vss, Vcc) 
Two pins are used to supply power to the part: Vss Is 
ground or 0 volts, while Vcc is +5.0V 45%. 


ADDRESS BUS (A0-A15) ' 

Sixteen pins are used to output address information from 
the MPU onto the Address Bus. When the processor does 
not require the bus for a data transfer, it will output address 
FFFFi6, R/W = 1, and BS = 0, thisisa “dummy access” or 
VMA cycle. Addresses are valid on the rising edge of Q (see 
Figure 2). All address bus drivers are made high-impedance 
when output Bus Available (BA) is high. Each pin will 
drive one Schottky TTL load or four LS TTL loads, and 
90 pF. 


DATA BUS (D0-D7) = 


These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 


load or four LS TTL loads, and 130 pF. 
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READ/WRITE (R/W) 

This signal indicates the direction of data transfer on the 
data bus. A low indicates that the MPU is writing data onto 
the data_bus. R/W is made high impedance when BA Is 
high. R/W is valid on the rising edge of Q. 


RESET 

A low level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 7. The 
Reset vectors are fetched from locations FFFE 6 and FFFF16 
(Table 1) when Interrupt Acknowledge_is_ true, 
(BA © BS=1). During initial power-on, the RESET line 
should be held low until the clock oscillator is fully opera- 
tional. See Figure8. 

Because the MC6809 RESET pinhas a Schmitt-trigger in- 
put with a threshold voltage higher than that of standard 
peripherals, a simple R/C network may be used to reset the 
entire system. This higher threshold voltage ensures that all 
peripherals are out of the reset state before the Processor. 


HALT 

A low level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain 
halted indefinitely without loss of data. When halted, the BA 
output is driven high indicating the buses are high im- 
pedance. BS is also high which indicates the processor is in 
the Halt or Bus Grant state. While halted, the MPU will not 
respond to external real-time requests (FIRQ, IRQ) although 
DMA/BREO will always be accepted, and NMi or RESET will 
be latched for later response. During the Halt state QandeE 
continue to run normally. If the MPU is not running (RESET, 
DMA/BREQ), a halted state (BA*BS=1) can be achieved 
by pulling HALT low while RESET is still low. If DMA/BREQ 
and HALT are both pulled low, the processor will reach the 
last cycle of the instruction (by reverse cycle stealing} where 
the machine will then become halted. See Figure 9. 


BUS AVAILABLE, BUS STATUS (BA, BS) 

The Bus Available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. This signal does not imply that the bus will be 
available for more than one cycle. When BA goes low, a 
dead cycle will elapse before the MPU acquires the bus. 


The Bus Status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 


MPU State 


| o | 
Ce 
te 


MPU State Definition 


Normal (Running) 


Interrupt or Reset Acknowledge 
Sync Acknowledge 
Halt or Bus Grant Acknowledge 


\ 


FIGURE 9 — HALT AND SINGLE INSTRUCTION 
EXECUTION FOR SYSTEM DEBUG 
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NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 


Interrupt Acknowledge is indicated during both cycles ofa 
hardware-vector-fetch (RESET, NMI, FIRQ, IRQ, SWI, 
SWI2, SWI). This signal, plus decoding of the lower four 
address lines, can provide the user with an indication of 
which interrupt level is being serviced and allow vectoring by 
device. See Table 1. 

Sync Acknowledge is indicated while the MPU ts waiting 
for external synchronization on an interrupt line. 

Halt/Bus Grant is true when the MC6809 is in a Halt or Bus 
Grant condition. 


TABLE 1: MEMORY MAP FOR INTERRUPT VECTORS 


Memory Map For 
Vector Locations 


Interrupt Vector 
Description 


SWI2 
sSwi3 
Reserved 


NON MASKABLE INTERRUPT (NMi)* 


A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 


interrupt cannot be inhibited by the program, and also has a 
higher priority than FIRQ, IRQ or software interrupts. During 
recognition of an NMI, the entire machine state is saved on 
the hardware stack. After reset, an NMI will not be recogniz- 
ed until the first program load of the Hardware Stack Pointer 
(S). The pulse width of NMI low must be at least one E cycle. 
If the NMI input does not meet the minimum set up with 
respect to Q, the interrupt will not be recognized until the 
next cycle. See Figure 10. 


FAST-INTERRUPT REQUEST (FIRQ)* 


A low level on this input pin will initiate a fast interrupt se- 
quence, provided its mask bit (F) in the CC is clear. This se- 
quence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the inter- 
rupt before doing an RTI. See Figure 11. 


INTERRUPT REQUEST (IRQ)* 


A low level input on this pin will initiate an Interrupt Re- 
quest sequence provided the mask bit (1) in the CC is clear. 
Since IRQ stacks the entire machine state it provides a 
slower response to interrupts than FIRQ. IRQ also has a 
lower priority than FIRQ. Again, the interrupt service routine 
should clear the source of the interrupt before doing an RTI. 
See Figure 10. 


“NMI, FIRQ, and IRO requests are sampled on the faliing edge of OQ. One cycle is required for synchronization before these interrupts are recog- 
nized. The pending interrupt(s} will not be serviced until completion of the current instruction unless a SYNC or CWAI condition is present. If RO 
and FIRO do not remain low until completion of the current instruction they may not be recognized. However, NMI is latched and need only re- 
main low for one cycle. No interrupts are recognized or latched between the falling edge of RESET and the rising edge of BS indicating 


RESET acknowledge. 
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XTAL, EXTAL 

These inputs are used to connect the on-chip oscillator to 
an external parallel-resonant crystal. Alternately, the pin 
EXTAL may be used as a TTL level input for external timing 
by grounding XTAL. The crystal or external frequency is four 
times the bus frequency. See Figure 8. Proper RF layout 
techniques should be observed in the layout of printed circuit 
boards. 


E,Q 

E is similar to the MC6800 bus timing signal @2; Qisa 
quadrature clock signal which leads E. Q has no parallel on 
the MC6800. Addresses from the MPU will be valid with the 
jeading edge of Q. Data is latched on the falling edge of E. 
Timing for E and Q is shown in Figure 12. 


MRDY* 

This input control signal allows stretching of E and Q to 
extend data-access time. E and Q operate normally while 
MRDY is high. When MRDY is low, — and Q may be stretch- 
ed in integral multiples of quarter (% ) bus cycles, thus allow- 
ing interface to slow memories, as shown in Figure 13(A). 
During non-valid memory access (YMA cycles) MRDY has 
no effect on stretching E and Q; this inhibits slowing the pro- 
cessor during ‘’don’t care” bus accesses. MRDY may also be 


used to stretch clocks (for slow memory) when bus control : 


has been transferred to an external device (through the use 
of HALT and DMA7BREO). 

NOTE: Four of the early production mask sets (G7F, T5A, 
P6F, T6M) require synchronization of the MRDY input with 
the 4f clock. The synchronization necessitates an external 
oscillator as shown in Figure 13(B). The negative transition 
of the MRDY signal, normally derived from the chip select 
decoding, must meet the tpCs timing. With these four 
mask sets, MRDY’s positive transition must Occur with the 
rising edge of 4f. j 

In addition, on these same mask sets, MRDY will not 
stretch the E and Q signals if the machine is executing either 
a TER or EXG instruction during the HALT high-to-low tran- 
sition. If the MPU executes a CWAI instruction, the machine 
pushes the internal registers onto the stack and then awaits 
an interrupt. During this waiting period, it is possible to place 


the MPU into a Halt mode to three-state the machine, but 
MRDY will not stretch the clocks. 

The mask set for a particular part may be determined by 
examining the markings on top of the part. Below the part 
number is a string of characters. The first two characters are 
the last two characters of the mask set code. If there are only 
four digits the part is the G7F mask set. The last four digits, 
the date code, show when the part was manufactured. 
These four digits represent year and week. For example a 
ceramic part marked: 


is a TSA mask set made the twelveth week of 1980. 


DMA/BREQ* 

The DMA/BREQ input provides a method of suspending 
execution and acquiring the MPU bus for another use, as 
shown in Figure 14. Typical uses include DMA and dynamic 
memory refresh. 

Transitions of DMA/BREO should occur during Q. A low 
level on this pin will stop instruction execution at the end of 
the current cycle unless pre-empted by self-refresh. The 
MPU will acknowledge DMA/BREOQ by setting BA and BS to 
a one. The requesting device will now have up to 15 bus 
cycles before the MPU retrieves the bus for self-refresh. Self- 
refresh requires one bus cycle with a leading and trailing 
dead cycle. See Figure 15. The self-refresh counter is only 
cleared if DMA/BREQ is inactive for two or more MPU 
cycles. 

Typically, the DMA controller will request to use the bus 
by asserting DMA/BREQ pin low on the leading edge of E. 
When the MPU replies by setting BA and BS toaone, that 
cycle will be a dead cycle used to transfer bus mastership to 
the DMA controller. 

False memory accesses may be prevented during any dead 
cycles by developing a system DMAVMA signal which 's 
LOW in any cycle when BA has changed. 


FIGURE 12 — E/Q RELATIONSHIP 


Start of Cycle 


——— 


0.5V 


-e—tavs 
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| Address Valid 


End of Cycle (Latch Data) 


NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 


*The on-board clock generator furnishes E and Q to both the system and the MPU. When MRDY is pulled low, both the system clocks and the 
internal MPU clocks are stretched. Assertion of DMA/BREQ input stops the internal MPU clocks while allowing the external system clocks 
to RUN (i.e., release the bus to a DMA controller). The internal MPU clocks resume operation after DMA/BREO is released or after 16 bus 
cycles (14 DMA, 2 dead), whichever occurs first. While DMA/BREO is asserted it is sometimes necessary to pull MRDY tow to allow DMA to/ 
from slow me nory/peripherals. As both MRDY and DMA/BREO control the internal MPU clocks, care must be exercised not to violate the 


maximum tcyc specification for MRDY or DMA/BREO. (See Note 5 in Bus Timing.) 
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When BA goes low (either as a result of DMA/BREO = 
HIGH or MPU self-refresh), the DMA device should be taken 
off the bus. Another dead cycle will elapse before the MPU 
accesses memory, to allow transfer of bus mastership 
without contention. 


MPU OPERATION 


During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. 


This sequence begins after RESET and is repeated indefinite- 
ly unless altered by a special instruction or hardware occur- 
rence. software instructions that alter normal MPU operation 
are: SWI, SWI2, SWI3, CWAI, RT| and SYNC. An interrupt, 
HALT, or DMA/BREO can also alter the normal execution of 
instructions. Figure 16 illustrates the flowchart for the 
MC6809. 


FIGURE 13(A) — MRDY TIMING 


FIGURE 13(B) — MRDY SYNCHRONIZATION 
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8-BIT MICROPROCESSING UNIT 


The MC6809E is a revolutionary high performance 8-bit microprocessor 
which supports modern programming techniques such as position in- 
dependence, reentrancy, and modular programming. 

This third-generation addition to the M6800 family has major architectural 
improvements which include additional registers, instructions and addressing 
modes. 

The basic instructions of any computer are greatly enhanced by the 
presence of powerful addressing modes. The MC6809E has the most com- 
plete set of addressing modes available on any 8-bit microprocessor today. 

The MC6809E has hardware and software features which make it an ideal 
processor for higher level language execution or standard controller applica- 
tions. External clock inputs are provided to allow synchronization with 
peripherals, systems or other MPUs. 

MC6800 COMPATIBLE 
@ Hardware — Interfaces with All M6800 Peripherals 
® Software — Upward Source Code Compatible Instruction Set and 
Addressing Modes 
ARCHITECTURAL FEATURES 
@ Two 16-bit Index Registers 
@ Two 16-bit Indexable Stack Pointers 
® Two 8-bit Accumulators can be Concatenated to eb One 16-Bit 
Accumulator 
@ Direct Page Register Allows Direct Addressing Throughout Memory 


HARDWARE FEATURES 
External Clock Inputs, E and Q, Allow Synchronization 
TSC Input Controls Internal Bus Buffers 
LIC indicates Opcode Fetch 
AVMA Allows Efficient Use of Common Resources in 
A Multiprocessor System 
BUSY is a Status Line for Multiprocessing 
Fast Interrupt Request Input Stacks Only Condition Code Register 
and Program Counter 
@ Interrupt Acknowledge Output Allows Vectoring By Devices 
SYNC Acknowledge Output Allows for Synchronization to External 
Event 
@ Single Bus-Cycle RESET 
@ Single 5-Volt Supply Operation 
@ NMI Inhibited After RESET Until After First Load of Stack Pointer 
@ Early Address Valid Allows Use With Slower Memories 
@ Early Write-Data for Dynamic Memories 


SOFTWARE FEATURES 
@ 10 Addressing Modes 
® M6800 Upward Compatible Addressing Modes 
Direct Addressing Anywhere in Memory Map 
Long Relative Branches 
Program Counter Relative 
True Indirect Addressing 
Expanded Indexed Addressing: 
0, 5, 8, or 16-bit Constant Offsets 
8, or 16-bit Accumulator Offsets 
Auto-Increment/ Decrement by 1 or 2 
Improved Stack Manipulation 
1464 Instruction with Unique Addressing Modes 
8 x 8 Unsigned Multiply 
16-bit Arithmetic : 
Transfer/Exchange All Registers 
Push/Pull Any Registers or Any Set of Registers 
Load Effective Address 
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FIGURE 1 — PIN ASSIGNMENT 
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MAXIMUM RATINGS 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit. 

Reliability of operation is enhanced if unus- 
ed inputs are tied to an appropriate logic 
voltage level {e.g., either Vss or VCC). 


Operating Temperature Range TL to Ty 
MC6809E, MC68A09E, MC68BO9E TA Oto +70 °C 
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THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance 
Ceramic 

Cerdip 

Plastic 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 
TjJ=TA+(Ppedya) (1) 
Where: 
Ta=Ambient Temperature, °C 
6 J)A= Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD= PINT + PPORT 
PINT=Icc x Vcc, Watts — Chip Internal Power 
PporT Port Power Dissipation, Watts — User Determined 


For most applications PPORT<PINT and can be neglected. PPORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. [ 


An approximate relationship between Pp and Ty (if PPORT is neglected) is: 


Pp=K-~+ (Ty +273°C) (2) 
Solving equations 1 and 2 for K gives: 
K =Ppe(Ta + 273°C) + by aePD2 (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
for a known Ta. Using this value of K the values of Pp and TJ can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta. 
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Input High Voltage 


Input Low Voltage Logic, Q, R 
E 
Input Leakage Current Logic, Q, RESET 
(Vin = 0 to 5.25 V, Voc = max) E 


DC Output High Voltage 


(ILoad = — 205 nA, Voc = min) DO-D7 = 
(Load = — 145 nA, Voc = min) AO-A15, R/W 
“Load = — 100 4A, Vcc = min) BA, BS, LIC, AVMA, BUSY 


DC Output Low Voltage 
(Load = 2.0 mA, Vcc = min) 
Internal Power Dissipation (Measured at TA=T _ in Steady State Operation) 
Capacitance* 
(Vin = 0, Ta = 25°C, f = 1.0 MHz) DO-D7, Logic"Inputs, Q, RESET 
E 
AO-A15, R/W, BA, BS 
LIC, AVMA, BUSY 
MC6809E 
MC68A09E 
(E and Q Inputs) MC68B09E 


Three-State (Off State) Input Current DO-D7 2 
(Vin = 0.4 10 2.4 V, Vcc = max) AO-A15, R/W 


*Capacitances are periodically tested rather than 100% tested. 


Frequency of Operation 
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BUS TIMING CHARACTERISTICS (See Notes 1, 2, 3, and 4) 


Ident. Dea 
Number sai [Min [ Max [Min 


powe7| 10 | 

PWer_| 460 | $600] 285 | 9600 

Pulse Wisth, High SSSSS—~* Ce | 

[lock Rise and Fal ime ——SSSCSCSCSC~S~CSCSsd ne | 
ath, OH 50 | 


= 
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ise] 

EE 
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3 
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2 
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Pulse Width, Q High PWoH 
Delay Time, Eto 0 Rise tear | 200] — | 
Delay Time, © High to € Fike rece [=] — | 
7B a : 
7C 
nt 
17 
20 
21 


w 


[78 [Peay Time, EFightoO Fal SSSS~*dtCa ‘| 20 | 
[76 [Delay Time, OFightoEFan—SSSCSC~*~CS~S~S~S*wYC 
[9 Yaderess HoisTimeSSC~*dCt 
| _11 [Address Delay Time from E Low (BA, BS, R/W) 
Ld S 
| 
ae ae 
cme 


>) 
wn 


ey 
Read Data Sewp Time SSS] 
a 
<a 
= 


nol =| = 
— = 
oO (= 


=! 


ioHW 
P29 Yusebie Access Time SSCSSS—~*d tne 
| Jeoniro Delay Tine Wguea id 


Interrupts, HALT, RESET, and TSC Setup Time tpcs | 200 
(Figures 7, 8, 9, 10, 13, and 14) 


: 
E 


-] 
wn 


=) 
wn wn wn 


| ss TSC Drive to Vatid Logic Level (Figure 14) | ttsv [| — | 
wall TSC Release MOS Buffers to High impedance (Figure 14) | itsr [| — | 
fs Bal TSC Three-State Delay Time (Figure 14) : apse, | =. | 


t 
Processor Control Rise and Fall Time (Figure 8) PCr 
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Q 
wet ee ie 
“ee dL dt—<“—st—C RH 
a 
Read Data © v 2 
Non-Muxed La || 
Write Data ee 
sn XXX XR K 
tcD = 


NOTES: 


1. Voltage levels shown are V_ <0.4 V, ViH=2.4 V, unless otherwise specified. 3. Hold time ( © ) for BA and BS is not specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 4. Usable access time is computed by: 1- 4-11 max—17 
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# Internal Three-State Control 


FIGURE 4 — BUS TIMING TEST LOAD 


5.0V 


mmpe150% RL=2.2 ke 


or Equiv. 
Test Point 


MMD7000 
or Equiv. a 


C=30 pF for BA, BS, LIC, AVMA, BUSY 
130 pF for DO-D7 
90 pF for AO-A15, R/W 


R = 11.7 kQ for DO-D7 
16.5 kf for AO-A15, R/W 
24 kQ for BA, BS 
LIC, AVMA, BUSY 
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Instruction 
Register 


PROGRAMMING MODEL 

As shown in Figure 5, the MC6809E adds three registers to 
the set available in the MC6800. The added registers include 
a Direct Page Register, the User Stack pointer and a second 
Index Register. 


ACCUMULATORS (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
Register, and is formed with the A Register as the most 
significant byte. 


DIRECT PAGE REGISTER (DP) 

The Direct Page Register of the MC6809E serves to 
enhance the Direct Addressing Mode. The content of this 
register appears at the higher address outputs (A8-A15) dur- 
ing direct addressing instruction execution. This allows the 
direct mode to be used at any place in memory, under pro- 
gram control. To ensure M6800 compatibility, all bits of this 
register are cleared during Processor Reset. 
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FIGURE 5 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 


X — Index Register 
Y — Index Register 


U — User Stack Pointer 


S — Hardware Stack Pointer 


7 0 
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INDEX REGISTERS (X, Y) 

The Index Registers are used in indexed mode of address- 
ing. The 16-bit address in this register takes part in the 
calculation of effective addresses. This address may be used - 
to point to data directly or may be modifed by an optional 
constant or register offset. During some indexed modes, the 
contents of the index register are incremented and 
decremented to point to the next item of tabular type data. 
All four pointer registers (X, Y, U, S) may be used as index 
registers. 


STACK POINTER (U, S) 

The Hardware Stack Pointer (S) is used automatically by 
the processor during subroutine calls and interrupts. The 
User Stack Pointer (U) is controlled exclusively by the pro- 
grammer thus allowing arguments to be passed to and from 
subroutines with ease. The U-register is frequently used as a 
stack marker. Both Stack Pointers have the same indexed 
mode addressing capabilities as the X and Y registers, but 
also support Push and Pull instructions. This allows the 
MC6809E to be used efficiently as a stack processor, greatly 
enhancing its ability to support higher level languages and 
modular programming. 


NOTE 
The stack pointers of the MC6809E point to the top of 
the stack, in contrast to the MC6800 stack pointer, 
which pointed to the next free location on stack. 


PROGRAM COUNTER 

The Program Counter is used by the processor to point to 
the address of the next instruction to be executed by the pro- 
cessor. Relative Addressing is provided allowing the Pro- 
gram Counter to be used like an index register in some situa- 
tions. 


CONDITION CODE REGISTER 


The Condition Code Register defines the state of the pro- 
cessor at any given time. See Figure 6. 
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Pointer Registers 


Program Counter 


Accumulators 


Direct Page Register 


oO 


CC — Condition Code Register 


FIGURE 6 — CONDITION CODE REGISTER FORMAT 


Overflow 
Zero 
Negative 
{RO Mask 
Half Carry 
FIRQ Mask 
Entire Flag 


CONDITION CODE REGISTER 
DESCRIPTION 
BIT 0 (C) 

Bit 0 is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a ‘borrow’ from sub- 
tract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 


BIT 1 (V) 

Bit 1 is the overflow flag, and is set to a one by an opera- 
tion which causes a signed two’s complement arithmetic 
overflow. This overflow is detected in an operation in which 
the carry from the MSB in the ALU does not match the carry 
from the MSB-1. 


BIT 2 (Z) 
Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 
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BIT 3 (N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, a 
negative two’s-complement result will leave N set to a one. 


BIT 4 (1) 

Bit 4 is the IRO mask bit. The processor will not recognize 
interrupts from the IRO line if this bit is set to a one. NMI, 
FIRG, IRO, RESET, and SWI all set | to a one; SWI2 and 
SWI3 do not affect I. 


BIT 5 (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of 
this flag is undefined in all subtract-like instructions. 


BIT 6 (F) 

Bit 6 is the FIRQ mask bit. The processor will not 
recognize interrupts from the FIRG line if this bit is a one. 
NMI, FIRQ, SWI, and RESET all set F to a one. IRQ, SWI2 
and SWI3 do not affect F. 


BIT 7 (E) 


Bit 7 is the entire flag, and when set to a one indicates that 


the complete machine state (all the registers) was stacked, 
as opposed to the subset state (PC and CC). The E bit of the 
stacked CC is,used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the Condition Code Register represents past action. 


PIN DESCRIPTIONS 


POWER (Vss, Vcc) 
Two pins are used to supply power to the part: Vss Is 
ground or 0 volts, while Vcc is +5.0 V +5%. 


ADDRESS BUS (A0-A15) 

Sixteen pins are used to output address information from 
the MPU onto the Address Bus. When the processor does 
not require the bus for a data transfer, it will output address 
FFFF16, R/W = 1, and BS = 0, this is a “dummy access” or 
VMA cycle. All address bus drivers are made high- 
impedance when output Bus Available (BA) is high or when 
TSC is asserted. Each pin will drive one Schottky TTL load or 
four LS TTL loads, and 90 pF. Refer to Figures 1 and 2. 


DATA BUS (D0-D7) 


These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and 130 pF. a 


READ/WRITE (R/W) 


This signal indicates the direction of data transfer on the 
data bus. A low indicates that the MPU is writing data onto 
the data bus. R/W is made high impedance when BA is high 
or when TSC is asserted. Refer to Figures 1 and 2. 


RESET 
A low level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 7. The 


1 
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Reset vectors are fetched from locations FFFE16 and FFFF16 
(Table 1) when Interrupt Acknowledge is true, 
(BA © BS=1). During initial power-on, the Reset line should 
be held low until the clock input signals are fully operational. 

Because the MC6809E Reset pin has a Schmitt-trigger in- 
put with a threshold voltage higher than that of standard 
peripherals, a simple R/C network may be used to reset the 
entire system. This higher threshold voltage ensures that all 
peripherals are out of the reset State before the Processor. 


HALT 

A low level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain 
halted indefinitely without loss of data. When halted, the BA 
output is driven high indicating the buses are high im- 
pedance. BS is also high which indicates the processor is in 
the Halt state. While halted, the MPU will not respond to ex- 
ternal real-time requests (FIRQ, IRQ) although NMI or 
RESET will be latched for later response. During the Halt 
state Q and E should continue to run normally. A halted state 
(BAeBS=1) can be achieved by pulling HALT low while 
RESET is still low. See Figure 8. 


BUS AVAILABLE, BUS STATUS (BA, BS) 

The Bus Available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. When BA goes low, a dead cycle will elapse 
before the MPU acquires the bus. BA will not be asserted 
when TSC is active, thus allowing dead cycle consistency. 


The Bus Status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 


MPU State Definition 


| Ba | Bs | 


0 Normal (Running) 
0 Interrupt or RESET Acknowledge 
1 SYNC Acknowledge 
1 HALT Acknowledge 

Interrupt Acknowledge is indicated during both cycles of a 
hardware-vector-fetch (RESET, NMI, FIRQ, IRQ, SWI, 
SWI2, SWI3). This signal, plus decoding of the lower four 
address lines, can provide the user with an indication of 
which interrupt level is being serviced and allow vectoring by 
device. See Table 1. 


TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS 


Memory Map For 
Vector Locations insetsopy octet 
Ce ae oe 


RESET 
NMI 
SWI 
TRO 
FIRQ 
SWi2 
SWI3 
Reserved 


‘ 


Sync Acknowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line. 

Halt/ Acknowledge is indicated when the MC6809E is in a 
Halt condition. 


NON MASKABLE INTERRUPT (NMI)}* 


A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 
interrupt cannot be inhibited by the program, and also has a 
higher priority than FIRQ, IRO or software interrupts. During 
recognition of an NMI, the entire machine state is saved on 
the hardware stack. After reset, an NMI will not be recog- 
nized until the first program load of the Hardware Stack 
Pointer (S). The pulse width of NMI low must be at least one 
E cycle. If the NMI input does not meet the minimum set up 
with respect to Q, the interrupt will not be recognized until 
the next cycle. See Figure 9. 


FAST-INTERRUPT REQUEST (FIRQ)* 

A low level on this input pin will initiate a fast interrupt se- 
quence, provided its mask bit (F) in the CC is clear. This se- 
quence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the inter- 
rupt before doing an RTI. See Figure 10. 


INTERRUPT REQUEST (IRQ)* 

A low level input on this pin-will initiate an interrupt Re- 
quest sequence provided the mask bit (I) in the CC is clear. 
Since !RQ stacks the entire machine state it provides a 
slower response to interrupts than FIRQ. IRQ also has a 
lower priority than FIRQ. Again, the interrupt service routine 
should clear the source of the interrupt before doing an RTI. 
See Figure 9. 


CLOCK INPUTS E, 0 

E and O are the clock signals required by the MC6809E. Q 
must !ead E; that is, a transition on Q must be followed by a 
similar transition on E after a minimum delay. Addresses will 
be valid from the MPU, tap after the falling edge of E, and 
data will be latched from the bus by the falling edge of.E. 
While the O input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires a high level 
above normal TTL levels. This approach minimizes clock 
skew inherent with an internal buffer. Timing and waveforms 
for E and Q are shown in Figure 2 while Figure 11 shows a 
simple clock generator for the MC6809E. 


BUSY 

Busy will be high for the read and modify cycles of a read- 
modify-write instruction and during the access of the first 
byte of a double-byte operation (e.g., LDX, STD, ADDD). 
Busy is also high during the first byte of any indirect or other 
vector fetch (e.g., jump extended, SWI indirect etc.). 

In a multi-processor system, busy indicates the need to 


defer the rearbitration of the next bus cycle to insure the in- 
tegrity of the above operations. This difference provides the 
indivisible memory access required for a “‘test-and-set’’ 
primitive, using any one of several read-modify-write instruc- 
tions. 

Busy does not become active during PSH or PUL opera- 
tions. A typical read-modify-write instruction (ASL) is shown 
in Figure 12. Timing information is given in Figure 13. Busy is 
valid tcp after the rising edge of Q. 


AVMA 

AVMaA is the Advanced VMA signal and indicates that the 
MPU will use the bus in the following bus cycle. The predic- 
tive nature of the AVMA signal allows efficient shared-bus 
multiprocessor systems. AVMA is LOW when the MPU is in 
either a HALT or SYNC state. AVMA is valid tcp after the 
rising edge of Q. 


LIC 

LIC (Last Instruction Cycle) is HIGH during the last cycle 
of every instruction, and its transition from HIGH to LOW 
will indicate that the first byte of an opcode will be latched at 
the end of the present bus cycle. LIC will be HIGH when the 
MPU is Halted at the end of an instruction, {i.e., notin CWAI 
or RESET) in SYNC state or while stacking during interrupts. 
LIC is valid tcp after the rising edge of Q. 


TSC 

TSC (Three-State Control) will cause MOS address, data, 
and R/W buffers to assume a high-impedance state. The 
contro! signals (BA, BS, BUSY, AVMA and LIC) will not go 
to the high-impedance state. TSC is intended to allow a 
single bus to be shared with other bus masters (processors 
or DMA controllers). _ 

While E is low, TSC controls the address buffers and R/W 
directly. The data bus buffers during a write operation are in 
a high-impedance state until Q rises at which time, if TSC is 
true, they will remain in a high-impedance state. If TSC is 
held beyond the rising edge of E, then it will be internally lat- 
ched, keeping the bus drivers in a high-impedance state for 
the remainder of the bus cycle. See Figure 14. 


MPU OPERATION 


During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. 
This sequence begins after RESET and is repeated indefinite- 
ly unless altered by a special instruction or hardware occur- 
rence. Software instructions that alter normal MPU opera- 
tion are: SWI, SWI2, SWI3, CWAI, RTI and SYNC. An in- 
terrupt or HALT input can also alter the normal execution of 
instructions. Figure 15 is the flow chart for the MC6809E. 


*NMI, FIRG, and IRQ requests are sampled on the falling edge of Q. One cycle is required for synchronization before these interrupts are recog: 
nized. The pending interrupt(s) will not be serviced until completion of the current instruction unless a SYNC or CWAI condition is present. If JRO 
and FIRQ do not remain low until completion of the current instruction they may not be recognized. However, NMI is latched and need only re- 


main low for one cycle. No interrupts are recognized or latched between the falling edge of RESET and the rising edge of BS indicating 
RESET acknowledge. See RESET sequence in the MPU flowchart in Figure 15. 
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ft (2.0 MHz) 


PERIPHERAL INTERFACE ADAPTER (PIA) 


MOS 


(N-CHANNEL, SILICON-GATE, 
DEPLETION LOAD) 


The MC6821 Peripheral Interface Adapter provides the universal 
means of interfacing peripheral equipment to the M680C family of 
microprocessors. This device is capable of interfacing the MPU to 
peripherals through two 8-bit bidirectional peripheral data buses and 
four control lines. No external logic is required for interfacing to most 
peripheral devices. 

The functional configuration of the PIA 1s programmed by the MPU 
during system initialization. Each of the peripheral data lines can be pro- 
grammed to act as an input or output, and each of the four .con- 
trol/interrupt lines may be programmed for one of several control 
modes. This allows a high degree of flexibility in the overall operation of 
the interface. 

@ &Bit Bidirectional Data Bus for Communication with the 

MPU 
@ Two Bidirectional 8-Bit Buses for Interface to Peripherals 
@ Two Programmable Control Registers 
@ Two Programmable Data Direction Registers 
@ Four Individually-Controlled Interrupt Input Lines; Two 

Usable as Peripheral Control Outputs 
@ Handshake Contro! Logic for Input and Output Peripheral 

Operation 
@ High-impedance Three-State and Direct Transistor Drive 

Peripheral Lines 
@ Program Controlled Interrupt and Interrupt Disable Capability 
@ CMOS Drive Capability on Side A Peripheral Lines 
@ Two TTL Drive Capability cn All A and B Side Buffers - 

@ TTL-Compatible ; 
@ Static Operation 


PERIPHERAL INTERFACE 
ADAPTER 


' L SUFFIX 
CERAMIC PACKAGE 
CASE 715 


|S SUFFIX 
CERDIP PACKAGE 
CASE 734 


P SUFFIX 
PLASTIC PACKAGE 
CASE 711 


PIN ASSIGNMENT 


MAXIMUM RATINGS 


input Voltage 


Operating Temperature Range TL toTH 
MC6821, MC68A21, MC68B21 Ta 0 to 70 °C 


CHARACTERISTICS 


THERMAL 


Thermal Resistance 
Ceramic 

Plastic 

Cerdip 


This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric tields; however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum-rated 
voltages to this high-impedance circuit. Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic voltage (i.e., either Vss or Vcc). 
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POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 
il) 


Where K is a constant pertaining to the particular part. K can be determined trom equation 3 by measuring Pp (at equilibrium) 
fora known Ta. Using this value of K the values of Pp and TJ can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta 


Ty=Ta+ (Pp®8ya) BL 
Where: 

Ta = Ambient Temperature, °C ~ = [ 
6 4A = Package Thermal Resistance, Junction-to-Ambient, °C/W L 

Pp=PINT + PPORT ; j 
Pint=Iccx Vcc. Watts — Chip internal Power ; [ 
Poort = Port Power Dissipation, Watts — User Determined ‘ a 

ror most applications PPoRT<P\NT and can be neglected. PPORT may become significant if the device is configured to i 
drive Darlington bases or sink LED loads [~ 
An approximate relationship between Pp and Ty lif PPORT is neglected) is: = 

Pp =K+(T y+ 273°C) (2) 

Solving equations 1 and 2 for K gives - 
K = Ppe(T a +. 273°C) +6 jaePp2 (3) = 


DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vdc +5%, Vgg=0. TA=TL to TH unless otherwise noted) 


{_ Characteristic [Symbol | Min | typ | Max | Unit 


BUS CONTROL INPUTS (R/W, Enable, RESET, RSO, RS1, CSO, CS1, CS2) 
input High Voltage 
Input Low Voltage 


Input Leakage Current (Vin =0 10 5.25 V) 
Capacitance (Vin =0, Ta = 25°C, f= 1.0 MHz) 
INTERRUPT OUTPUTS (IRQA, IROB) 
Output Low Voltage {| ogg = 3.2 mA) 
Three-State Output Leakage Current ! 
[P= = 80] nae, 
DATA BUS {D0-D7} (Non- 
!nput High Voltage 
Input Low Voltage 
Three-State Input Leakage Current (Vin, =0.4 to 2.4 V) 
Output High Voliage (IL oag = ~— 205 zA) 
Output Low Voltage (ILoag = 1.6 mA) 


Capacitance (Vin =0, Ta = 25°C, f= 1.0 MHz [pF | mii 
Se PERIPHERAL BUS (PAD-PAT, PRO-PR?, CA! CA2, OBi, CBZ: s ike 
ay input Leakage Current R/W, RESET, RSO. RS1, CSO, CS1,CS2,CA1,] = - - fa | a 
- {Vin =0 10 §.25 V) CB1, Enable in . : Wat 
= Three-State input Leakage Current (Vin = 0.4 10 2.4 V) PBO-PB7, CB2 lz - 20 10 nA Non: 
‘ Input High Current (Vip = 2.4 V) PAO-PA7, CA2 lH — 200 - BA ~ 
By Darlington Drive Current (Vo = 1.5 V) PRO-PB7,CB2] lon -1.0 -10 mA | Asie 
xf Input Low Current (Vj, =0.4 V) PAO-PA7, CA2 ic - -24 mA * i 
fo Output High Voltage i 4 
we (Load = — 200 nA) PAO-PA7, PBO-PB7, CA2.CB2| VoH 
sf (ILoad = — 10 «A) PAO-PA7, CA2 
Output Low Voltage (I, oag= 3.2 MA) VOL 
a Capacitance (Vin =0, Ta = 25°C, f= 1.0 MHz) Cin 
POWER REQUIREMENTS 
| Internal Power Dissipation (Measured at Ta =TD — PINT TL ~ |} - | so [ mw | 
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| BUS TIMING CHARACTERISTICS (See Notes 1 and 2} 
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4 
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FIGURE 1 — BUS TIMING 
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| a aaa, 
OOF 
© 


R/W, Address PIAWVVV 
Non Maree) | OXY AE 


cs 
Read Data MPU Read Data Non-Muxed 
Non-Muxed i 
Write Data MPU Write Data Non-Muxed 
Non-Muxed 


Notes: 


1. Voltage levels shown are V; $0.4 V, Vz 2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 


r\t 0 


3 
= 


Ree! Hr «. 


4-337 


MC6821° MC68A21°MC68B21 


i 
q 
Z 


PERIPHERAL TIMING CHARACTERISTICS (Voo=50 V 45%, Veg =0V, Ta=T1 to TH unless otherw 


Delay Time, Enable Negative Transition to Data Valid tppW 


Delay Time, Enable Negative Transition to CMOS Data Valid i 
PAO-PA7, CA2 CMOS 


Delay Time, Enable Positive Transition to CB2 Negative Transition 
Delay Time, Data Valid to CB2 Negative Transition 


RESET Low Time* 


“The RESET line must be high a minimum of 1.0 »s before addressing the PIA. 


FIGURE 3 ~ TTL EQUIVALENT 


FIGURE 2 — MING TEST 
GURE 2 — BUS TIMING TEST LOADS eet CoA 
(00-D7) 5.0V (PAO—PA7, PBO-PB7, CA2,CB2) 
RL =24 ko I 5OV 
MMD6150 2 RL = 1.25 ko 
or Equiv i 
ey MMD6150 


Test Point c 


Vv; or Equiv. 


MMD7000 


or Equiv c | 


C=30 pF, R=12k 


MMD7000 
or Equiv 


FIGURE 4 — CMOS EQUIVALENT FIGURE 5 — NMOS EQUIVALENT 
TEST LOAD TEST LOAD 
: (TRO Only) 
{PAO-PA7, CA2) $.0V 
> Test Point 
» 3kO 
30 pF 


Test Point © 


= 100 pF 
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FIGURE 6 — PERIPHERAL DATA SETUP AND HOLD TIMES 
(Reed Mode} 


PAG-PA? 
PBO-PB7 


a a ie 


FIGURE 8 — CA2 DELAY TIME 
(Read Mode; CRA-5= 1, CRA-3= CRA-4=0) 


coe \, 


tet 
cAI 
trs2 as 
CA2 
(fp —_—___— 


FIGURE 10 — PERIPHERAL DATA AND CB2 DELAY TIMES 
(Write Mode; CRB-5 = CRB-3= 1, CRB-4=0} 


tpOW 
PBO-PB? ’ ° 
toc | 
ax 


*CB2 goes low as a result of the 
positive transition of Enable. 


FIGURE 12 — CB2 DELAY TIME 
(Write Mode; CRB-5= 1, CRB-3= CRB-4=0} 


Enable | 
{$$ ____—_—_— 
tet 
cet | 
{CB tAS 2° 
ce2 


H 


* Assumes part was deselected during 
any previous E pulse. 


FIGURE 7 — CA2 DELAY TIME 
. (Read Mode; CRA-5 = CRA3=1, CRA-4=0) 


Enable 


tcA2 tas" 
PWer 
ca2 


* Assumes part was deselected during 
the previous E pulse. 


FIGURE 9 — PERIPHERAL CMOS DATA DELAY TIMES 
(Write Mode; CRA-6= CRA-3= 1, CRA-4=0) 


Enable 


FIGURE 11 — CB2 DELAY TIME 
(Write Mode; CRB-6= CR8-3= 1, CRB-4=0) 


Enavie 


* Assumes part was deselected during the 
previous E pulse 


FIGURE 13 — INTERRUPT PULSE WIDTH AND 1RO RESPONSE 


~ tasa° =~ 


* Assumes Interrupt Enable Bits sre set. 


Note: Timing measurements are referenced to and from 2 tow voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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FIGURE 14 — TRO RELEASE TIME FIGURE 156 — RESET LOW TIME 


'RL 


RESET 


*The RESET line must be @ Viy for a minimum of 
1.0 us before addressing the PIA. 


Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


FIGURE 16 —- EXPANDED BLOCK DIAGRAM 
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oS 28 
06 27 = eke 
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Register 5 8 PAG 
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: | 
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(ORB) 12 PB2 
cso 22 Sockesnuersi anise 
interface 
cs! 24 As ksiiten 
: = rae 15 PBS 
Select 
stn — 16 PEG 
ASI 35 Rw Keg 
RAW 21 Control 
Enable 25 
RESET 34 , F 
Date Direction 4 
Register 6 : 
{O0RB) p 
fi 
é 
1 1 
Interrupt Status sce t 
(AGB 37 Contro! B | 
t 
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PIA INTERFACE SIGNALS FOR MPU 


The PIA interfaces to the M6800 bus with an 8-bit bidirec- 
tional data bus, three chip select lines, two register select 
lines, two interrupt request lines, a read/write line, an enable 
line and a reset line. To ensure proper operation with the 
MC6800, MC6802, or MC6808 microprocessors, VMA 
should be used as an active part of the address decoding. 


Bidirectional Data {(DO-D7) — The bidirectional data lines 
(DO-D7) allow the transfer of data between the MPU and the 
PIA. The data bus output drivers are three-state devices that 
remain in the high-impedance (off) state except when the 
MPU performs a PIA read operation. The read/write line is in 
the read (high) state when the PIA is selected for a read 
operation. 


Enable (E} — The enable pulse, E, is the only timing 
signal that is supplied to the PIA. Timing of all other signals 
is referenced to the leading and trailing edges of the E pulse. 


Read/Write (R/W) — This signal is generated by the 
MPU to control! the direction of data transfers on the data 
bus. A low state on the PIA read/write line enables the input 
buffers and data is transferred from the MPU to the PIA on 
the E signal if the device has been selected. A high on the 
read/write line sets up the PIA for a transfer of data to the 
bus. The PIA output buffers are enabled when the proper ad- 
dress and the enable pulse E are present. 


RESET — The active low RESET line is used to reset all 
register bits in the PIA to a logical zero (low). This line can be 
used as a power-on reset and as a master reset during 
system operation. 


Chip Selects (CSO, CS1, and CS2) — These three input 
signals are used to select the PIA. CSO and CS1 must be 
high and C52 must be low for selection of the device. Data 
transfers are then performed under the control of the enable 
and read/write signals. The chip select lines must be stable 


for the duration of the E pulse. The device is deselected 
when any of the chip selects are in the inactive state. 


Register Selects (RSO and RS1) — The two register 
select lines are used to select the various registers inside the 
PIA. These two lines are used in conjunction with internal 
Control Registers to select a particular register that is to be 
written or read. 

The register and chip select lines should be stable for the 
duration of the E pulse while in the read or write cycle. 


interrupt Request (IRQA and tRQB) — The active low In- 
terrupt Request lines (IROQA and IROB) act to interrupt the 
MPU either directly or through interrupt priority circuitry. 
These fines are “open drain’ (no foad device on the chip). 
This permits all interrupt request lines to be tied together in a 
wire-OR configuration. 

Each Interrupt Request line has two internal interrupt flag 
bits that can cause the interrupt Request line to go low. Each 
flag bit is associated with a particular peripheral interrupt 
line. Also, four interrupt enable bits are provided in the PIA 
which may be used to inhibit a particular interrupt from a 
peripheral device. 

Servicing an interrupt by the MPU may be accomplished 
by a software routine that, on a prioritized basis, sequentially” 
reads and tests the two control registers in each PIA for in- 
terrupt flag bits that are set. 

The interrupt flags are cleared (zeroed) as a result of an 
MPU Read Peripheral Data Operation of the corresponding 
data register. After being cleared, the interrupt flag bit can- 
not be enabled to be set until the PIA is deselected during an 
£ pulse. The E pulse is used to condition the interrupt control 
lines (CA1, CA2, CB1, CB2). When these lines are used as 
interrupt inputs, at least one E pulse must occur from the in- 
active edge to the active edge of the interrupt input signal to 
conditton the edge sense network. If the interrupt flag has 
been enabled and the edge sense circuit has been properly 
conditioned, the interrupt flag will be set on the next active 
transition of the interrupt input pin. 


PIA PERIPHERAL INTERFACE LINES 


The PIA provides two &-bit bidirectional data buses and 
four interrupt/contro! lines for interfacing to peripheral 
devices. 


Section A Peripheral Data (PAO-PA7) — Each of the 
peripheral data lines can be programmed to act as an input or 
output. This is accomplished by setting a “1” in the cor- 
responding Data Direction Register bit for those lines which 
are to be outputs. A “0” in a bit of the Data Direction 
Register causes the corresponding peripheral data line to act 
as an input. During an MPU Read Peripheral Data Operation, 
the data on peripheral lines programmed to act as inputs ap- 
pears directly on the corresponding MPU Data Bus lines. In 
the input mode, the internal pullup resistor on these lines 
represents a maximum of 1.5 standard TTL toads. 

The data in Output Register A will appear on the data lines 
that are programmed to be outputs. A logical “1” written in- 
to the register will cause a “high’’ on the corresponding data 
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line while a “0” results in a “low.” Data in Output Register A 
may be read by an MPU “Read Peripheral Data A” operation 
when the corresponding lines are programmed as outputs. 
This data will be read property if the voltage on the 
peripheral data lines is greater than 2.0 volts for a logic “1” 
Output and less than 0.8 voit for a logic ‘0’ output. Loading 
the output lines such that the voltage on these lines does not 
teach full voltage causes the data transferred into the MPU 
on a Read operation to differ from that contained in the 
respective bit of Output Register A. 


Section B Peripheral Data (PBO-PB7) — The peripheral 
data lines in tha B Section of the PIA can be programmed to 
act as either inputs or outputs in a similar manner to PAQs 
PA7. They have three-state capabiity, allowing them to enter 
a high-impedance state when the peripheral data fine is used 
as an input. In addition, data on the peripheral data lines 
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PBO-PB7 will be read properly from those lines programmed 
as Outputs even if the voltages are below 2.0 volts for a 
“high” or above 0.8 V for a “low’. As outputs, these lines 
are compatible with standard TTL and may also be used as a 
source of up to 1 milliampere at 1.5 voits to directly drive the 
base of a transistor switch. 


Interrupt Input (CA1 and CBt) — Peripheral input lines 
CA1 and CB1 are input only lines that set the interrupt flags 
of the control registers. The active transition for these 
signals is also programmed by the two contro! registers. 


Peripheral Control (CA2) — The peripheral contro! line 
CA2 can be programmed to act as an interrupt input or as a 


peripheral control output. As an output, this line is compati- 
ble with standard TTL; as an input the internal pullup resistor 
on this line represents 1.5 standard TTL loads. The function 
of this signal line is programmed with Control! Register A. 


Peripheral Contro! (CB2) '— Peripheral Control line CB2 
may also be programmed to act as an interrupt input or 
peripheral control output. As an input, this line has high in- 
put impedance and is compatible with standard TTL. As an 
Output it is compatible with standard TTL and may also be 
used as @ source of up to 1 milliampere at 1.5 volts to directly 
drive the base of a transistor switch. This line is programmed 
by Control Register B. 


INTERNAL CONTROLS 


INITIALIZATION 

A RESET has the effect of zeroing all PIA registers. This 
will set PAO-PA7, PBO-PB7, CA2 and CB2 as inputs, and all 
interrupts disabled. The PIA must be configured during the 
restart program which follows the reset. 

There are six locations within the PIA accessible to the 
MPU data bus: two Peripheral Registers, two Data Direction 
Registers, and two Control Registers. Selection of these 
locations is controlled by the RSO and RS1 inputs- together 
with bit 2 in the Control Register, as shown in Table 1. 

Details of possible configurations of the Data Direction 
and Control Register are as follows: 


TABLE 1 — INTERNAL ADDRESSING 


Controt 
Register Bit 
CRA-2 [| CRB-2 Location Selected 


po fo Jt J x | Peripherat Register A 


Foto | 0 [x | bas ovecionagiw A 
Pet [x [x [eonvornegnera 
Pa fo [x] [reenter 
a : 
(ee g 


Data Direction Register B 
Control Register B 


X = Don’t Care 


PORT A-B- HARDWARE CHARACTERISTICS 

As shown in Figure 17, the MC6821 has a pair of I/O ports 
whose characteristics differ greatly. The A side is designed 
to drive CMOS logic to normal 30% to 70% fevels, and incor- 
porates an internal pullup device that remains connected 
even in the input mode. Because of this, the A side requires 
more drive current in the input mode than Port B. In con- 
trast, the B side uses a normal three-state NMOS buffer 
which cannot pullup to CMOS levels without external! 
resistors. The B side can drive extra toads such as Darl- 
ingtons without problem. When the PIA comes out of reset, 
the A port represents inputs with pullup resistors, whereas 
the B side (input mode aiso) will float high or low, depending 
upon the load connected to it. 
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Notice the differences between a Port A and Port B read 
operation when in the output mode. When reading Port A, 
the actual pin is read, whereas the B side read comes from an 
output latch, ahead of the actual pin. 


CONTROL REGISTERS (CRA and CRB) 

The two Control Registers (CRA and CRB) allow the MPU 
to control the operation of the four peripheral control lines 
CA1, CA2, CB1, and CB2. in addition they allow the MPU to 
enable the interrupt lines and monitor the status of the inter- 
tupt flags. Bits 0 through 5 of the two registers may be writ- 
ten or read by the MPU when the proper chip select and 
register select signals are applied. Bits 6 and 7 of the two 
registers are read only and are modified by external interrupts 
occurring on control lines CA1, CA2, CB1, or CB2. The for- 
mat of the control words is shown in Figure 18. 


DATA DIRECTION ACCESS CONTROL BIT (CRA-2 and 
CRB-2) 

Bit 2, in each Control Register (CRA and CRB), deter- 
mines selection of either a Peripheral Output Register or the 
corresponding Data Direction £ Register when the proper 
register select signals are applied to RSO and RS1, A "1" in 
bit 2 allows access of the Peripheral interface Register, while 
a “0” causes the Data Direction Register to be addressed. 


Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) — 
The four interrupt flag bits are set by active transitions of 
signals on the four Interrupt and Peripheral Control lines 
when those lines are programmed to be inputs. These bits 
cannot be set directly from the MPU Data Bus and are reset 
indirectly by a Read Peripheral Data Operation on the ap- 
propriate section. 


Control of CA2 and CB2 Peripheral Control Lines (CRA-3, 
CRA-4, CRA-5, CRB-3, CRB-4, and CRB-6) — Bits 3, 4, and 
5 of the two control registers are used to control the CA2 and 
CB2 Peripheral Control lines. These bits determine if the con- 
trol lines will be an interrupt input or an output control 
signal. If bit CRA-5 (CRB-5) is low, CA2 (CB2) is an interrupt 
input line similar to CA1 (CB1). When CRA-5 (CRB-S) is 
high, CA2 (CB2) becomes an output signal that may be used 
to control peripheral data transfers. When in the output 
mode, CA2 and CB2 have slightly different loading 
characteristics. 
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Control of CA1 snd CB1 Interrupt Input’ Lines (CRA-0, enable the, MPU interrupt signals TRGA and (ROB, respec- 
CRB-1, CRA-1, and CRB-1) — The two lowest-order bits of tively. Bits CRA-1 and CRB-1 determine the active transition 
the control registers are used to control the interrupt input of the interrupt input signals CA1 and CB1. 
lines CA1 and CB1. Bits CRA-O and CRB-O are used to 


K FIGURE 17 — PORT A AND PORT B EQUIVALENT CIRCUITS 
10 directly 


ogrammed Port A Port B 


Vec vec 


hoon Dave Direction 


ni Port Pin 
Direction 
; (1 Output Pin) 
es from an | {O— Input Pin) 


Data Direction 
{1—Input Pin} 
(0 Output Pin) 


Read of B 
Data When 
in Output 
Mode 


Read of B 
Data when 
in Input Mode 


Read A Data 
in Input or 
Output Mode 


To External 
Bus 


@ 
< 
cs 
= 
2 


linterrupts Internal PiA Bus 


2. The for- 


t loading 
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Determine Active CA1 (CB1) Transition for Setting FIGURE 18 — CONTROL WORD FORMAT 


Interrupt Fisg (ROA(B)1 — (bit 7) 

bl=0: IRQA(B)1 set by high-to-low transition on CA1 
{(CB1) 

bl=1: !RQA(B)1 set by low-to-high transition on CAT 

(CB1). 


CA1 (CB1) Interrupt Request Enable/Disabie 

bO=0: Disables IROA(B) MPU Interrupt by CAI 
(CB1) active transition. 

bO=1: Enable IROA(B) MPU Interrupt by CA1 (CB1) 
active transition 

1. IRQALB) will occur on next (MPU generated) positive 

transition of bO if CA1 (CB1) active transition oc- 

curred while interrupt was disabled 


1ROA(B) 1 Interrupt Flag (bit 7) 
Goes high on active transition of CA1 (CB1); Automa- 
tically cleared by MPU Read of Output Register A(B) 
May also be cleared by hardware Reset 


Tr Te | we Pm ts fe Tl 


IROA(BI | IROA(BI2 CA2 (CB2) ODR CA1 (CBI) 
Flag Flag Control Access Control 


Z 
Determines Whether Data Direction Register Or Output 
Register is Addressed 

b2=0: Data Direction Register selected. 

b2=1: Output Register selected. 


Control Register 


IRQA(B)2 interrupt Flag (bit 6) 
When CA2 (CB2) is an input, IRQA(B) goes high on ac- 
tive transition CA2 (CB2); Automatically cleared by 
MPU Read of Output Register AIB). May also be 
cleared by hardware Reset. 

CA2 (CB2) Established as Output (b5=1): IROA(B) 
2=0, not affected by CA2 (CB2) transitions. 


CA2 (CB2) Established as Input by b5=0 


See ae 
0 | |» ca2(cB2) interrupt Request Enable/ Disable 
b3=0: Disables IRQA{A) MPU interrupt by 
CA2 (CB2) active transition.° 
b3=1: Enables FROA(B) MPU Interrupt by 
CA2 (CB2) active transition. 
*IRQA(B) will occur on next (MPU generat- 
ted) positive transition of b3 if CA2 (CB2) 
active transition occurred while interrupt 
was disabled. 
Determines Active CA2 (CB2) Transition for 
Setting interrupt Flag IRQA(B)2 — (Bit b6) 
b4=0: IRQA(B)2 set by high-to-low transi- 
tion on CA2 (CB2). 
b4=1: IRQA(B)2 set by low-to-high transi- 
tion on CA2 (CB2). 


CA2 (CB2) Established as Output by b5=1 7 
{Note that operation of CA2 and CB2 output 
b5 b4 bg functions are not identical) 
CA2 
1 0 b3<0: Read Strobe with CA1 Restore 
CA2 goes low on first high-to-low 
E transition following an MPU read 
of Output Register A; returned high 
by next active CA1 transition, as 
specified by bit 1. 
b3=1: Read Strobe with E Restore 
CA2 goes low on first high-to-low 
E transition following an MPU read 
of Output Register A; returned high 
by next high-to-low E transition dur- 
ing a deselect. 


b3=0: Write Strobe with C81 Restore 
CB2 goes low on first low-to-high 
E transition following an MPU write 
into Output. Register B; returned 
high by the next active CB1 transi- 
tion as specified by bit 1. CRB-b7 
must first be cleared by 9 read of 
data. 

b3=1: Write Strobe with E Restore 
CB2 goes low on first low-to-high 
E transition following an MPU write 
into Output Register B; returned 


bS b4 b3 high by the next low-to-high E tran- 

—— sition following an E pulse which 
occurred while the part was de- 
selected. 

a Set/Reset CA2 (CB2) 


CA2 (CB2) goes low as MPU writes 
b3=0 into Control Register. 

CA2 (CB2) goes high as MPU writes 
b3= 1 into Control Register. 
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— 
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3 ~ MC6840— 


MOTOROLA 


{2.0 MHz) 


4 PROGRAMMABLE TIMER MODULE (PTM) 
@ The MC6840 is a programmable subsystem component of the M6800 
; family designed to provide variable system time intervals. (N-CHANNEL, SILICON-GATE 
3 The MC6840 has three 16-bit binary counters, three corresponding DEPLETION LOAD} 
contro! registers, and a status register. These counters are under soft- 
ai, ware contro! and may be used to cause system interrupts and/or PROGRAMMABLE TIMER 


generate output signals. The MC6840 may be utilized for such tasks as 
frequency measurements, event counting, interval measuring, and 
similar tasks. The device may be used for square wave generation, 
gated delay signals, single pulses of controlled duration, and pulse 
width modulation as well as system interrupts. 


@ Operates from a Single 5 Volt Power Supply 


| 


L SUFFIX 
CERAMIC PACKAGE ; 
CASE 719 ' 


@ Fully TTL Compatible 
@ Single System Clock Required (Enable) 


@ Selectable Prescaier on Timer 3 Capable of 4 MHz for the MC6840, 
6 MHz for the MC68A40 and 8 MHz for the MC68B40 


@ Programmable Interrupts (IRQ) Output to MPU 

@ Readable Down Counter Indicates Counts to Go Until Trme-Out 
@ Selectable Gating for Frequency or Puise-Width Comparison 

@ RESET Input 


@ Three Asynchronous External! Clock and Gate/Trigger Inputs 
Internally Synchronized 


@ Three Maskable Outputs 


P SUFFIX 
PLASTIC PACKAGE 
CASE 710 


S SUFFIX 
CERDIP PACKAGE 
CASE 733 


MAXIMUM RATINGS 


[Symbor [vane] 
“6310 +70 
Pinout Vologe din = 0.8 10 970) 


Bt +70 
Operating Temperature Range — Tt to Th 
MC6840, MC68A40, MC68B40 T O10 +70 °C 
MC6840C, MC68A40C A -401t0 +85 
Storage Temperature Range -5510 + 150 


THERMAL CHARACTERISTICS 


FIGURE 1 — PIN ASSIGNMENT 


Thermal Resistance 
Cerdip 


dr 
This device contains circuitry to protect the inputs against damage due to high 
Static voltages or electric fields: however, it is advised that normal precautions 
be taken to avoid application of any vottage higher than maximum rated voltages 
to this high-impedance circuit. Reliability of operation is enhanced if unused in- 
puts are tied to an appropriate logic voltage level (e.g., either Vss or Vcc). 1 
for 
val 
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Jd 


FIGURE 2 — BLOCK DIAGRAM : t 


RAW ASO RSI = RS2 TSO CSI E tEnabie! 


Dp? 8 Lines ‘ 
oe ‘ 
os = ols ale 
De 3 £ls zls 
D3 o 21S o,e 
o ane g's 
o2 3 316) 41s 
ol 
oo 


8 Lines 


Counters 


Register 2 
Counters 
Latches 


” 
Ss 
£5 
co 
oe 
vc 


Latches 
Counters 


s 
= 
> 
o a 
2 
% 
~ 


K Controt Control Controt 
. Logic Logic Logic 
ail ' | | 


RESET G3 C3 03 G2 C2 02 GT ti o1 


| 


POWER CONSIDERATIONS 


| The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=Ta+(Ppeéya) (1) 
: Where: 
‘ Ta= Ambient Temperature, °C 
: 6 JA = Package Thermal Resistance, Junction-to-Ambient, °C/W 
| PD = PINT + PRORT 
| PINT@ICC x VCC, Watts — Chip Internal Power 
| PpoRT# Port Power Dissipation, Watts — User Determined 


For most applications PpoRT<PiNT and can be neglected. PPORT may become significant if the device is configured to 
drive Darlington bases or sink LED toads. 


An approximate relationship between Pp and Ty Uf PpoRT is neglected) is: 


Pp=K-+(Ty4273°C) (2) 
Solving equations 1 and 2 for K gives: 
MH Ppe(Ta + 273°C) + @yaePp2 (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 


for a known Ta. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta. 
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Input Low Voltage 
Three-State (Off State) Input Current (Vi, =0.5 to 2.4 V) 
Output High Voltage 

(Load = — 205 wA) 

(pag = — 200 wA} 


Output Low Voliage 

(Load = 1.6 mA) 

(lL oad = 3.2 mA) 
Output Leakage Current (Off State) (VQH = 2.4 V) 
Internal Power Dissipation (Measured at Ta=Ty) 


input Capacitance ' 
(Vin =0. Ta = 25°C, f= 1.0 MHz) 00-D7 3 
All Others 


Outpui Capacitance 


(Vin =0, Ta = 25°C, f= 1.0 MHz) 
01,0 


AC OPERATING CHARACTERISTICS (See Figures 4-9) 


Input Rise and Fall Times 
(Figures 4 and 5) C, G and RESET 

Input Pulse Width Low (Figure 4) 
{Asynchronous tnput) PWL ss iteycE + Isu + thd 
C, G and RESET 


Input Pulse Width High (Figure 5} 
(Asynchronous Input) C, 


MC6B 
[Max | 


eee coe 


ie aati =| ni Sele Be 
is lla | = frcetssveng] - | om 


: 
i 


Ho 
8 [ae 


PWH = {tcycE + tsu + thd 


Input Setup Time (Figure 6) 
{Synchronous tnput) 
C, G and RESET 
input Hold Time (Figure 6} 
{Synchronous Input) 
C. G and RESET 
Input Synchronization Time (Figure 9) 
C3 (+8 Prescaler Mode Only) 
Input Pulse Width 
C3 (+8 Prescaler Mode Only) 
Output Delay, 01-03 (Figure 7) 
(VOH = 2.4 V, Load B) TTL 
(VOH = 2.4 V, Load D) Mos 
(VoH =0.7 Vpp. Load D) CMOS 
Interrupt Release Time 


Sy 
s 


= “ty and tf toycE 
2 | 
04 ' 
wy Ns 
Fi 
sre a NO 
1 
2 
3 


:, 4-408 


seh 
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i 
f 
if 
: 
4 
by 
f 


% 
i 
q 
. \ : 
= yi 
£ BUS TIMING CHARACTERISTICS (See Notes 1, 2. and 3} ; 


Characteristic 


A 
[2 | Fuse wean tow 
[3 _| Pulse Wein. ERigh 
[a] Gioei ae and Fa Time 
a 
[13 _[Adaress Sep Time Before fSCSC~S~SCSCS 
[14 [chp Select Serup Tine Sefaree SCS 
a 
[8 [Read bate oid Time 
EO 
[20 | Penoheral Output Date Dey Tre SSSC~*d 
nie 


Peripheral Input Data Setup lime 


5 5 4 d ale 
eS ee es 


R/W, Address 
(Non-Muxed} 


cre 


cs 


Read Data 
Non-Muxed 


Write Data MPU Write Data Non-Muxed 
Muxed 


FIGURE 4 — INPUT PULSE WIDTH LOW FIGURE 5 — INPUT PULSE WIDTH HIGH 
EW ty uy 
e1-c3 
1-63 ci-c3 
{ RESET Sa-Ss 
j 1 Pw 
j uy tr " 


NOTES: 
1. Not alt signals are applicable to every part. 
2. Voltage levels shown are Vi. 50.4 V, VH2 2.4 V, unless otherwise specified. 
3. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
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FIGURE 7 — OUTPUT DELAY 


FIGURE 6 — INPUT SETUP AND HOLD TIMES 


FIGURE 8 — IRO RELEASE TIME : ' cular 


FIGURE 9 — C3 INPUT SYNCHRONIZATION TIME (+8 PRESCALER MODE ONLY) 
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NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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DEVICE OPERATION 


The MC6840 is part of the M6800 microprocessor family 
and is fully bus compatible with M6800 systems. The three 
timers in the MC6840 operate independently and in several 
distinct modes to fit a wide variety of measurement and syn- 
thesis applications. 

The MC6840 is an integrated set of three distinct 
counter/timers (Figure 1). It consists of three 16-bit data 
latches, three 16-bit counters {clocked independently), and 
the comparison and enable circuitry necessary to implement 
various measurement and synthesis functions. In addition, it 
contains interrupt drivers to alert the processor that a par- 
ticular function has been completed. 

in a typical application, a timer will be loaded by first stor- 
ing two bytes of data into an associated Counter Latch. This 
data is then transferred into the counter via a Counter In- 
itialization cycle. If the counter is enabled, the counter 
decrements on each subsequent clock period which may be 
an external clock, or Enable (E) until one of several predeter- 
mined conditions causes it to halt or recycle. The timers are 
thus programmable, cyclic in nature, controllable by external 
inputs or the MPU program, and accessible by the MPU at 
any time. 


BUS INTERFACE 

The Programmable Timer Module (PTM) interfaces to the 
M6800 Bus with an &-bit bidirectional data bus, two Chip 
Select lines, a Read/Write line, a clock (Enable) line, and In- 
terrupt Request line, an external Reset line, and three 
Register select lines. VMA should be utilized in conjunction 
with an MPU address line into a Chip Select of the PTM 
when using the MC6800/6802/6808 


BIDIRECTIONAL DATA (00-D7) — The bidirectional! data 
lines (DO-D7) allow the transfer of data between the MPU 
and PTM. The data bus output drivers are three-state 
devices which remain in the high-impedance (off) state ex- 
cept when the MPU performs a PTM read operation 
(Read/Write and Enable lines high and PTM Chip Selects ac- 
tivated). 


CHIP SELECT (CSO, CS1) — These two signals are used 
to activate the Data Bus interface and allow transfer of data 
from the PTM. With CS0=0 and CS1=1, the device is 
selected and data transfer will occur. 


READ/WRITE (R/W) — This signal is generated by the 
MPU to control the direction of data transfer on the Data 
Bus. With the PTM selected, a low state on the PTM R/W 
line enables the input buffers and data is transferred from the 
MPU to the PTM on the trailing edge of the E (Enable) clock. 
Alternately, (under the same conditions) R/W=1 and 
Enable high allows data in the PTM to be read by the MPU. 


ENABLE (E CLOCK) — The E clock signa! synchronizes 
data transfer between the MPU and the PTM. it also per- 
forms an equivalent synchronization function on the external 
clock, reset, and gate inputs of the PTM. 


INTERRUPT REQUEST (IRQ) — The active low Interrupt 
Request signal is normally tied directly for through priority in- 
terrupt circuitry) to the IRO input of the MPU. This is an 


“open drain” autput {no load device on the chip} which per- 
mits other similar interrupt request lines to be tied together in 
a wire-OR configuration. 

The IRQ line is activated if, and only if, the Composite In- 
terrupt Flag (Bit 7 of the Internal Status Register) is asserted. 
The conditions under which the IRQ line is activated are 
discussed in conjunction with the Status Register. 


RESET — A low level at this input is clocked into the PTM 
by the E (Enable) input. Two Enable pulses are required to 
synchronize and process the signal. The PTM then 
recognizes the active “low” or inactive “high” on the third 
Enable pulse. If the RESET signal is asynchronous, an addi- 
tional Enable period is required if setup times are not met. 
The RESET input must be stable High/Low for the minimum 
time stated in the AC Operating Characteristics. 

Recognition of a low level at this input by the PTM causes 
the following action to occur: 

a. All counter latches are preset to their maximum count 

values. 

b. All Control Register bits are cleared with the exception 

of CR10 (internal reset bit) which is set 

c. All counters are preset to the contents of the latches. 

d. Allcounter outputs are reset and all counter clocks are 

disabled. 

e. All Status Register bits (interrupt flags) are cleared. 


REGISTER SELECT LINES (RSO, RS1, RS2) — These in- 
puts are used in conjunction with the R/W line to select the 
internal registers, counters and latches as shown in Table 1 


NOTE: 

The PTM is accessed via MPU Load and Store operations 
in much the same manner as a memory device. The instruc- 
tions available with the M6800 family of MPUs which per- 
form read-modify-write operations on memory should not be 
used when the PTM is accessed. These instructions actually 
fetch a byte from memory, perform an operation, then 
restore it to the same address location. Since the PTM uses 
the R/W line as an additional register select input, the 
modified data will not be restored to the same register if 
these instructions are used. 


CONTROL REGISTER 

Each timer in the MC6840 has a corresponding write-only 
Control Register. Control Register #2 has a unique address 
space (RSO= 1, RS=0, RS2=0) and therefore may be writ- 
ten into at any time. The remaining Control Registers (#1 and 
#3) share the Address Space selected by a logic zero on al: 
Register Select inputs. 


CR20 — The ‘least-significant bit of Control Register #2 
{CR20) is used as an additional addressing bit for Control 
Registers #1 and #3. Thus, with all Register selects and R/W 
inputs at logic zero, Control Register #1 will be written into if 
CR20 is a logic one. Under the same conditions, Control 
Register #3 can also be written into after a RESET low condi- 
tion has occurred, since all control register bits (except 
CR10) are cleared, Therefore, one may write in the sequence 
CR3, CR2, CR1. 
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TABLE 1 — REGISTER SELECTION Cont 
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Register) to be reset. Counter Latches and Control Registers j 
are undisturbed by an Internal Reset and may be written into CR30 — The functions depicted in the foregoing discus- CRXS- 
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Control Register Bits CR10, CR20, and CR30 are unique in 
that each selects a different function. The remaining bits (1 
through 7) of each Control Register select common func- 
tions, with a particular Control Register affecting only its cor- 
responding timer. 


CRX1 — Bit 1 of Control Register #1 (CR11) selects 
whether an internal or external clock source is to be used 
with Timer #1. Similarly, CR21 selects the clock source for 
Timer #2, and CR31 performs this function for Timer #3. The 
function of each bit of Control Register ‘’X" can therefore be 
defined as shown in the remaining section of Table 2. 


CRX2 — Control Register Bit 2 selects whether the binary 
information contained in the Counter Latches (and subse- 
quently loaded into the counter) is to be treated as a single 
16-bit word or two &-bit bytes. In the single 16-bit Counter 
Mode (CRX2=0) the counter will decrement to zero after 
N+ 1 enabled (G = 0) clock periods, where N is defined as the 
16-bit number in the Counter Latches. With CRX2=1, a 
similar Time Out will occur after (L+ 1)+{M+ 1) enabied 
clock periods, where L and M, respectively, refer to the LSB 
and MSB bytes in the Counter Latches. 


CRX3-CRX7 — Controi Register Bits 3, 4, and 5 are ex- 
plained in detail in the Timer Operating Mode section. Bit Gis 
an interrupt mask bit which will be explained more fully in 
conjunction with the Status Register, and bit 7 is used to 
enable the corresponding Timer Output. A summary of the 
control register programming modes is shown in Table 3. 


STATUS REGISTER/INTERRUPT FLAGS 
The MC6840 has an internal Read-Only Status Register 
which contains four Interrupt Flags. (The remaining four bits 
of the register are not used, and defaults to zeros when be- 
ing read.) Bits 0, 1, and 2 are assigned to Timers 1, 2, and 3. 
respectively, as individual flag bits, while Bit 7is a Composite 
Interrupt Flag. This flag bit will be asserted if any of the in- 
dividual flag bits is set while Bit 6 of the corresponding Con- 
trol Register is at a logic one. The conditions for asserting 
the composite Interrupt Flag bit can therefore be expressed 
as: 
“INT =11eCR16 + 12+CR26 + 13eCR36 
where INT = Composite Interrupt Flag (Bit 7) 
(1 = Timer #1 Interrupt Flag (Bit 0) 
12= Timer #2 Interrupt Flag (Bit 1) 
13= Timer #3 Interrupt Flag (Bit 2) 


[oo fo] ‘continuous Operating Mode: Gate | or Write to Latches or Reset Causes Counter Initialization 
10 [0 | Frequency Comparison Mode. Interrupt I Gate {_J ¢is< Counter Time Our 

fo [1 fo} ‘ontinuous Operating Mode: Gate i or Reset Causes Counter Initialization 

] 0 [1 [1 Putse width Comparison Mode: Interrupt if Gate § $ is< Counter Time Out 

| 1 [0 [0 fSingle Shot Mode: Gate ! or Write to Latches or Reset Causes Counter Initialization 

requency Comparison Mode: Interrupt If Gare ¢ ¥ 1s> Counter Time Out 
11] 1 {0 {Single Shot Mode: Gate ! or Reser Causes Counter Initialization 

pV] 1 [1 Pulse Width Comparison Mode: Interrupt If Gate ¢ } 1s> Counter Time Out 


An interrupt flag is cleared by a Timer Reset condition, 
i.e., External RESET =0 or internal Reset Bit (CR10)=1. It 
will also be cleared by a Read Timer Counter Command pro- 
vided that the Status Register has previously been read while 
the interrupt flag was set. This condition on the Read Status 
Register-Read Timer Counter (RS-RT) sequence is designed 
to prevent missing interrupts which might occur after the 
status register is read, but prior to reading the Timer 
Counter. 

An Individual Interrupt Flag is also cleared by a Write 
Timer Latches (W) command or a Counter Initialization (Cl) 
sequence, provided that W or Cl affects the Timer cor- 
responding to the individual Interrupt Flag. 


COUNTER LATCH INITIALIZATION . 

Each of the three independent timers consists of a 16-bit 
addressable counter and a 16-bit addressable latch. The 
counters are preset to the binary numbers stored in the iatch- 
es. Counter initialization results in the transfer of the latch 
contents to the counter. See notes in Table 4 regarding the 
binary number N, L, or M placed into the Latches and theit 
relationship to the output waveforms and counter Time- 
Outs. 

Since the PTM data bus is 8-bits wide and the counters are 
16-bits wide, a temporary register (MSB Buffer Register) is 
provided. This “write only” register is for the Most- 
Significant Byte of the desired latch data. Three addresses 
are provided for the MSB Buffer Register {as indicated in 
Table 1), but they all lead to the same Buffer. Data from the 
MSB Buffer will automatically be transferred into the Most- 
Significant Byte of Timer #X when a Write Timer #X Latches 
Command is performed. So it can be seen that the MC6840 
has been designed to allow transfer of two bytes of data into 
the counter latches provided that the MSB is transferred 
first. The storage order must be observed to ensure proper 
latch operation. : 

In many applications, the source of the data will be an 
M6800 Family MPU. It should be noted that the 16-bit store 
operations of the M6800 family microprocessors (STS and 
STX) transfer data in the order required by the PTM. A Store 
Index Register Instruction, for example, results in the MSB 
of the X register being transferred to the selected address. 
then the LSB of the X register being written into the next 
higher location. Thus, either the index register or stack 
pointer may be transterred directly into a selected counter 
latch with a single instruction. 

A logic zero at the RESET input aiso initializes the counter 
latches. In this case, all latches will assume a maximum 
count of 65,53579. It is important to note that an Internal 
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Reset (Bit zero of Control! Register 1 Set) has no effect on 
the counter latches. 


COUNTER INITIALIZATION 

Counter Initialization is defined as the transfer of data from 
the latches to the counter with subsequent clearing of the In- 
dividual Interrupt Flag associated with the counter. Counter 
Initialization always occurs when a reset condition 
(RESET =0 or CR10= 1) is recognized. It can also occur — 
depending on Timer Mode — with a Write Timer Latches 
command or recognition of a negative transition of the Gate 
input. 

Counter recycling or re-initialization occurs when a 
negative transition of the clock input is recognized after the 
counter has reached an all-zero state. In this case, data is 
transferred from the Latches to the Counter. 


ASYNCHRONOUS INPUT/OUTPUT LINES 

Each of the three timers within the PTM has external clock 
and gate inputs as well as a counter output line. The inputs 
are high-impedance, TTL-compatible lines and ouputs are 
capable of driving two standard TTL loads. 


CLOCK INPUTS (C1, C2, and C3) — Input pins C1, C2, 
and C3 will accept asynchronous TTL voltage level signals to 
decrement Timers 1, 2, and 3, respectively. The high and low 
levels of the external clocks must each be stable for at least 
one system clock period plus the sum of the setup and hold 
times for the clock inputs. The asynchronous clock rate can 
vary from de to the limit imposed by the Enable Clock Setup, 

and Hold times. 

The external clock inputs are clocked in by Enable pulses. 
Three Enable periods are used to synchronize and process 
the external clock. The fourth Enable pulse decrements the 
internal counter. This does not affect the input frequency, it 
merely creates a delay between a clock input transition and 
internal recognition of that transition by the PTM. All 
references to C inputs in this document relate to internal 
recognition of the input transition. Note that a clock high or 
low level which does not meet setup and hold time specifica- 
tions may require an additional Enable pulse tor recognition 
When observing recurring events, a lack of synchronization 
will result in “‘jitter’’ being observed on the output of the 
PTM when using asynchronous clocks and gate input 
signals. There are two types of jitter. “System jitter” is the 
result of the input signals being out of synchronization with 
Enable, permitting signals with marginal setup and hold time 
to be recognized by either the bit time nearest the input tran- 
sition or the subsequent bit time. 

“Input jitter’ can be as great as the time between input 
signal negative going transitions plus the system jitter, if the 
first transition is recognized during one system cycle, and 
not recognized the next cycle, or vice versa. See Figure 11. 


FIGURE 11 — INPUT JITTER 
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CLOCK INPUT C3 (+8 PRESCALER MODE) — External 
clock input C3 represents a special case when Timer #3 is 
programmed to utilize its optional +8 prescaler mode. 

The divide-by-8 prescaler contains an asynchronous ripple 
counter; thus, input setup (tgy) and hoid times (thg) do not 
apply. As long as minimum input pulse widths are maintain- 
ed, the counter will recognize and process all input clock 
(C3) transitions. However, in order to guarantee that a clock 
transition ts processed during the current E cycle, a ceriain 
amount of synchronization time (tsync) is required between 
the C3 transition and the falling edge of Enable (see Figure 
9). If the synchronization time requirement is not met, it is 
possible that the G3 transition will not be processed until the 
following E cycle. 

The maximum input frequency and allowable duty cycles 
for the +8 prescaler mode are specified under the AC 
Operating Characteristics. Internally, the +8 prescaler out- 
put is treated in the same manner as the previously discussed 
clock inputs. 


GATE INPUTS (G1, G2, G3) — Input pins G1, G2, and G3 
accept asynchronous TTL-compatible signals which are used 
as triggers or clock gating functions to Timers 1, 2, and 3, 
respectively. The gating inputs are clocked into the PTM by 
the E tenable) clock in the same manner as the previously 
discussed clock inputs. That is, a Gate transition is recogniz- 
ed by the PTM on the fourth Enable pulse (provided setup 
and hold time requirements are met), and the high or low 
levels of the Gate input must be stable for at least one system 
clock period plus the sum of setup and hold times. All 
references to G transition in this document relate to internal 
recognition of the input transition. 

The Gate inputs of all timers directly affect the internal 
16-bit counter. The operation of G3 is therefore independent 
of the +8 prescaler selection. 


TIMER OUTPUTS (01, 02, 03) — Timer outputs 01, 02, 
and 03 are capable of driving up to two TTL loads and pro- 
duce a defined output wavetorm for either Continuous or 
Single-Shot Timer modes. Output waveform definition is ac- 
complished by selecting either Single 16-bit or Dual 8-bit 
operating modes. The Single 16-bit mode will produce a 
square-wave output in the continuous mode and a single , 
pulse in the single-shot mode. The Dua! 8-bit mode will pro- 
duce a variable duty cycle pulse in both the continuous and 
single-shot timer modes. One bit of each Control Register 
(CRX7) is used to enable the corresponding output. If this bit 
is cleared, the output will remain low (VO _) regardless of the 
operating mode. If it is cleared while the output is high the 
Output will go low during the first enable cycle following a 
write to the Control Register. 

The Continuous and Singie-Shot Timer Modes are the 
only ones for which output response is defined in this data 
sheet. Refer to the Programmable Timer Fundamentals and 
Applications manual for a discussion of the output signals in 
other modes. Signals appear at the outputs (unless 
CRX7=0) during Frequency and Pulse Width comparison 
modes, but the actual waveform is not predictable in typical 
applications. 
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TIMER OPERATING MODES 

The MC6840 has been designed to operate effectively ina 
wide variety of applications. This is accomplished by using 
three bits of each control register (CRX3, CRX4, and CRX5)} 
to define different operating modes of the Timers. These 
modes are divided into WAVE SYNTHESIS and WAVE 
MEASUREMENT modes, and are outlined in Table 4. 


TABLE 4 — OPERATING MODES 
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*Defines Additional Timer Function Selection. 


One of the WAVE SYNTHESIS modes is the Continuous 
Operating mode, which is useful for cyclic wave generation. 
Either symmetrical or variable duty-cycle waves can be 
generated in this mode. The other wave synthesis mode, the 
Single-Shot mode, is similar in use to the Continuous 
operating mode, however, a single pulse is generated, with a 
programmabie preset width. 

The WAVE MEASUREMENT modes include the Frequen- 
cy Comparison and Pulse Width Comparison modes which 
are used to measure cyclic and singular pulse widths, respec- 
tively. 

In addition to the four timer modes in Table 4, the remain- 
ing control register bit is used to modify counter initialization. 
and enabling or interrupt conditions. : 


WAVE SYNTHESIS MODES 

CONTINUOUS OPERATING MODE (TABLE 5) — The 
continuous mode will synthesize a continuous wave with a 
period proportional to the preset number in the particular 
timer latches. Any of the timers in the PTM may be program- 
med to operate in a continuous mode by writing zeroes into 
bits 3 and 5 of the corresponding control register. Assuming 


that the timer output is enabled (CRX7= 1), either a square 
wave or a variable duty cycle waveform will be generated at 
the Timer Qutput, OX. The type. of output is selected via 
Contro! Register Bit 2. 

Either a Timer Reset (CR10= 1 or External Reset = 0) con- 
dition or internal recognition of a negative transition of the 
Gate input results in Counter Initialization. A Write Timer 
latches command can be selected as a Counter Initialization 
signa! by clearing CRX4. 

The counter is enabled by an absence of a Timer Reset 
condition and a logic zero at the. Gate input. In the 16-bit 
mode, the counter will decrement on the first clock cycle 
during or after the counter initialization cycle. It continues to 
decrement on each clock signal so tong as G remains low and 
no reset condition exists. A Counter Time Out (the first clock 
after all counter bits=0) results ‘in the Individual Interrupt 
Flag being set and reinitialization of the counter. 

In the Dual 8-bit mode (CRX2= 1) [refer to the example in 
Figure 12 and Tables 5 and 6) the MSB decrements once for 
every full countdown of the LSB + 1. When the LSB =0, the 
MSB is unchanged; on the next clock pulse the LSB is reset 
to the count in the LSB Latches, and the MSB is 
decremented by 1 (one). The output, if enabled, remains low 
during and after initialization and will remain low until the 
counter MSB is all zeroes. The output will go high at the 
beginning of the next clock pulse. The output remains high 
until both the LSB and MSB of the counter are all zeroes. At 
the beginning of the next clock pulse the defined Time Out 
(TO) will occur and the output will go low. In the Dual 8-bit 
mode the period of the output of the example in Figure 12 
would span 20 clock pulses as opposed to 1546 clock pulses 
using the normal 16-bit mode. 

A special time-out condition exists for the dual 8-bit mode 
(CRX2=1) if L=0. In this case, the counter will revert to a 
mode similar to the single 16-bit mode, except Time Out oc- 
curs after M+ 1° clock pulses. The output, if enabled, goes 
low during the Counter Initialization cycle and reverses state 
at each Time Out. The counter remains cyclical (is re 
initialized at each Time Out) and the Individual Interrupt Flag 
is set when Time Out occurs. If M=L=0, the internal 
counters do not change, but the output toggles at a rate of 
% the clock frequency 


TABLE 5 — CONTINUOUS OPERATING MODES 
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CONTINUOUS MODE 
(CRX3 = 0, CRX5 = 0} 


*Timer Output (OX) (CRX? = 1) 
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FIGURE 12 — TIMER OUTPUT WAVEFORM EXAMPLE 
(Continuous Dua! 8 Bit Mode Using Internal Enable) ‘ 


Exemple: Contents of MSB = 03 = M 
Contents of LSB = 04 = L 
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*Preset LSB and MSB to Respective Latches on the negative transition of the Enable 
**Preset LSB to LSB Latches and Decrement MSB by one on the negative transition of the Enable 


The discussion of the Continuous Mode has assumed that 
the application requires an output signal. It should be noted 
that the Timer operates in the same manner with the output 
disabled (CRX7=0). A Read Timer Counter command is 
valid regardiess of the state of CRX7. 


SINGLE-SHOT TIMER MODE — This mode is identica! to 
the Continuous Mode with three exceptions. The first of 
these is obvious from the name — the output returns to a 
low level after the initial Time Out and remains low untit 
another Counter Initialization cycle occurs. 

As indicated in Table 6, the internal counting mechanism 
remains cyclical in the Single-Shot Mode. Each Time Out of 


the counter results in the setting of an individual Interrupt 
Flag and re-initialization of the counter. 

The second major difference between the Singie- Shot and 
Continuous modes is that the internal counter enable is 101 
dependent on the Gate input level reamining in the low state 
for the Single-Shot mode. 

Another special condition is introduced in the Single-Shot 
mode. If L=M=0 (Dual & bit) or N=0 (Single 16-bit), the 
Output goes low on the first clock received during or after 
Counter Initialization. The output remains low until the 
Operating Mode is changed or nonzero data is written into 
the Counter Latches. Time Outs continue to occur at the end 
of each clock period. 


TABLE 6 — SINGLE-SHOT OPERATING MODES 


Synthesis Modes | 


Symbols are as defined in Table 8. 


SINGLE-SHOT MODE 
(CRX3 = 0, CRX7 = 1, CRX5 = 1) 


Initialization/Output Waveforms 
—————iN+1}{T) N+INTI: 
iit) 


‘o To 


To 
(Len0viertT (LeiMetT) 
=| (LUT) 
TO 


To 
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The three differences between Single-Shot and Continous 
Timer Mode can be summarized as attributes of the Single- 
Shot mode: 

1. Output is enabled for only one pulse until it is reinitializ- 
ed. 

2. Counter Enabie is independent of Gate. 

3. L=M=0 or N=0 disables output. 

Aside from these differences, the two modes are identical. 


WAVE MEASUREMENT MODES 


TIME INTERVAL MODES — The Time Interval Modes are 
the Frequency (period) Measurement and Pulse Width Com- 
parison Modes, and are provided for those applications 
which require more flexibility of interrupt generation and 
Counter Initialization. Individual Interrupt Fiags are set in 
these modes as a function of both Counter Time Out and 
transitions of the Gate input. Counter Initialization is also at- 
fected by Interrupt Flag status. 

A timer’s output is normally not used in a Wave Measure- 
ment mode, but it is defined. If the output is enabled, it will 
operate as follows. During the period between reinitialization 
of the timer and the first Time Out, the output will be a 
logical zero. If the first Time Out is completed (regardless of 
its method of generation), the output will go high. If further 
TO’s occur, the output will change state at each completion 
of a Time-Out. 

The counter does operate in either Single 16-bit or Dual 
8-bit modes as programmed by CRX2. Other features of the 
Wave Measurement Modes are outlined in Table 7. 


Frequency Comparison Or Period Measurement Mode 
{CRX3= 1, CRX4=0) — The Frequency Comparison Mode 
with CRX5= 1 is straightforward. If Time Out occurs prior to 
the first negative transition of the Gate input after a Counter 
Initialization cycle, and Individual Interrupt Flag is set. The 
counter is disabled, and a Counter Initialization cycle cannot 
begin until the interrupt flag 1s cleared and a negative transi- 
tion on G is detected. 

If CRX5=0, as shown in Tables 7 and 8, an interrupt is 
generated if Gate input returns low prior to a Time Out. If a 
Counter Time Out occurs first, the counter is recycled and 
continues to decrement. A bit is set within the timer on the 
initia! Time Out which precludes further individual interrupt 


generation untit a new Counter Initialization cycle has been 
completed. When this internal bit is set, a negative transition 
of the Gate input starts a new Counter Initialization cycle. 
(The condition of Gl*l-TO is satisfied, since a Time Out 
has occurred and no individual Interrupt has been 
generated.) 

Any of the timers within the PTM may be programmed to 
compare the period of a pulse (giving the frequency after 
calculations) at the Gate input with the time period re- 
quested for Counter Time Out. A negative transition of the 
Gate input enables the counter and starts a Counter In- 
itialization cycle — provided that other conditions, as noted 
in Table 8, are satisfied. The counter decrements on each 
clock signal recognized during or after Counter Initialization 
until an Interrupt is generated, a Write Timer Latches com- 
mand 1s issued, or a Timer Reset condition occurs. !t can be 
seen trom Table 8 that an interrupt condition will be 
generated if CRX5=0 and the period of the pulse (single 
pulse or measured separately repetitive pulses) at the Gate 
input is less than the Counter Time Out period. If CRX5=1, 
an interrupt is generated if the reverse is true. 

Assume now with CRX5=1 that a Counter Initialization 
has occurred and that the Gate input has returned low prior 
to Counter Time Out. Since there is no Individual Interrupt 
Flag generated, this automatically starts a new Counter in- 
itialization Cycle. The process will continue with frequency 
comparison being performed on each Gate input cycle until 
the mode is changed, or a cycle is determined to be above 
the predetermined limit. 


Pulse Width Comparison Mode (CRX3= 1, CRX4= 1) — 
This mode is similar to the Frequency Comparison Mode ex- 
cept for a positive, rather than negative, transition of the 
Gate input termintes the count. With CRX5=0, an Individual 
Interrupt Flag will be generated if the zero level pulse applied 
to the Gate input is less than the time period required for 
Counter Time Out. With CRX5= 1, the interrupt is genereted 
when the reverse condition is true. 

As can be seen in Table 8, a positive transition of the Gate 
input disables the counter. With CRX5=0, it is therefore 
possible to directly obtain the width of any pulse causing an 
interrupt. Similar data for other Time Interval Modes and 
conditions can be obtained, if two sections of the PTM are 
dedicated to the purpose. 


FIGURE 7 — OUTPUT DELAY 


Application Condition for Setting Individual tnterrupt Flag 


| _crxa | crxs | 
Frequency Comparison Interrupt Generated it Gate Input Period (1/F) is less 
than Counter Time Out (TO) 
Frequency Comparison | Interrupt Generated if Gate Input Period (1/F) is greater 
than Counter Time Out (TO) 
1 Pulse Width Comparison | Interrupt Generated if Gate Input ‘Down Time” is less 
‘ than Counter Time Out (TO) 
pe ed Pulse Width Comparison | Interrupt Generated if Gate tnput “Down Time” is greater 
than Counter Time Out (TO) 
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TABLE 8 — FREQUENCY COMPARISON MODE 


BS Initialization Flip-Flop Set (CE) Flip-Flop Reset {CE} Set (I) 
P0_—«dP Grats (CE+ TOR | GLWRT  [ we+r+t | Gi Before TO | 
Pa Giete—| weRt[Weret | TO Before ct | 
es SIW.Ret 
ial [Sweet [| _weaete6 | Gr etore TO | 


G« Negative transition of Gate input. 

W =Wrhite Timer Latches Command. 

R= Timer Reset (CR10=1 of Externat RESET =0) 
N  =16-Bit Number in Counter Latch. 

TO = Counter Time Out {All Zero Condition) 

t =Interrupt for a given timer. 


* All time intervals shown above assume the Gate (G) and Clock (C) signals are sycnhronized to the system clock 
(E) with the specified setup and hoid ume requirements. 
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SYNCHRONOUS SERIAL DATA ADAPTER (SSDA) MOS 


{N-CHANNEL, SILICON-GATE) 


SYNCHRONOUS SERIAL 
DATA ADAPTER 


The MC6852 Synchronous Serial Data Adapter provides a bidirec- 
tiona! serial interface for synchronous data information interchange. It 
contains interface logic for simultaneously transmitting and receiving 
standard synchronous communications characters in bus organized 
systems such as the M6800 Microprocessor systems. 

The bus interface of the MC6852 inciudes select, enable, read/write, 
interrupt, and bus interface logic to allow data transfer over an 8-bit bi- 
directional data bus. The paraliel data of the bus system is serially 
transmitted and received by the synchronous data interface with syn- 
chronization, fill character insertion/deletion, and error checking. The 
functional configuration of the SSDA ts programmed via the data bus 
during system initialization. Programmable control registers provide 
contro! for variable word lengths, transmit control, receive control, syn- 
chronization control, and interrupt control. Status, timing and control 
fines provide peripheral or modem control. 

Typical applications include floppy disk controllers, cassette or car- 
tridge tape controllers, data communications terminals, and numerical 
control systems. 

@ Programmable Interrupts from Transmitter, Receiver, and Error 

Detection Logic 
® Character Synchronization on One- or Two-Sync Codes 
@ External Synchronization Available for Parallel-Serial Operation 
@ Programmable Sync Code Register 
@ Up to 1.5 MHz Transmission 
@ Peripheral/Modem Control Functions 
@ Three Bytes of FIFO Buffering on Both Transmit and Receive 
* @ 7-, 8, or 9-Bit Transmission 
@ Optional Even and Odd Parity 
@ Parity, Overrun, and Underflow Status 


P SUFFIX 
PLASTIC PACKAGE 
CASE 709 


L SUFFIX 
CERAMIC PACKAGE 
CASE 716 


S SUFFIX 
CERDIP PACKAGE 
CASE 623 


SYNCHRONOUS SERIAL DATA ADAPTER BLOCK DIAGRAM 
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MAXIMUM RATINGS 


Supply Voltage 


-0.310 +7.0 
Operating Temperature Range 
TA 


3 


This device contains circuitry to protect the in- 
Puts against damage due to high static voitages 
or electric fields; however, it is advsied that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. Reliability of 
operation is enhanced if unused inputs are tied to 
an appropriate logic voltage ‘evel le.g., either 
Vss or Vcc). 


-0.310 +7.0 
MC6852, MC68A52, MC68B52 


Ty to Ty 

O10 +70 °C 
MC6852C, MC68A52C -40 to +85 
Storage Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance 
Piastic Package 

Ceramic Package 
Cerdip Package 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=Tat(Ppe6sa) (1) 
Where: 
Ta = Ambient Temperature, °C 
65a = Package Thermal Resistance, Junction-to-Ambient, °C/W 
Pp= PINT + PPORT 
PINT™!cc x Vcc. Watts — Chip internal Power 
Pport = Pont Power Dissipation, Watts — User Determined 


For most applications PPQRT<PI|NT and can be neglected. PPORT may become significant if the device is configured to 
drive Darlington bases or sink LED toads. 


An approximate relationship between Pp and Ty (if PPORT is neglected) is: 


Pp=K+(Ty+ 273°C) (2) 
Solving equations 1 and 2 for K gives: 
K=Ppe(Ta + 273°C) + 6 yaePp2 (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
fora known T,. Using this value of K the values of Pp and TJ can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta. 


DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vdc +5%, Vss=0, Ta=TL to TH unless otherwise noted) 


input High Voltage 

Input Low Voltage 
Input Leakage Current Tx CLK, Rx CLK, Rx Data, Enable, 
(Vin = 0 to §.25 V) RESET, RS, R/W, CS, DCD, CTS 
D0-07 


Output High Voltage 
“Load = — 205 pA, Enable Pulse Width < 25 ys) 


ULoad = — 100 2A, Enable Pulse Width < 25 ys) TX Data, DTA, TUF 
Output Low Voltage {IL oad = 1.6 mA, Enable Pulse Width < 25 ys) 


Output Leakage Current (Off-State) (Voy = 2.4 V) IRQ 
Internal Power Dissipation (Measured at Ta =T,) 


Input Capacitance 
(Vin =0, Ta = 25°C, f= 1.0 MHz) 


All Other Inputs 


Output Capacitance Tx Data. SM/DTR, TUF 
{Vin = 0, Ta = 25°C, f= 1.0 MHz) 


“fF 


ni terpen seine 
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AC ELECTRICAL CHARACTERISTICS (Vcc =5.0 V +5%, Vssg=0, Ta=TL to TH unless otherwise noted) 


Characteristic 


Serial Clock Pulse Width, Low (Figure 1} 
Serial Clock Pulse Width, High (Figure 2) 
Serial Clock Frequency (Rx CLK, Tx CLK} 
Receive Data Setup Time (Figure 3, 7) 
Receive Data Hold Time (Figure 3) 

Sync Match Delay Time (Figure 3) 
Clock-to-Data Delay for Transmitter (Figure 4) 
Transmitter Undertlow (Figures 4, 6) 
OTR Delay Time (Figure 5) 

interrupt Request Release Time (Figure 5) | oun | 
RESET Pulse Width 
CTS Setup Time (Figure 6) 

BCB Setup Time (Figure 7) 

input Rise and Fail Times (Except Enable) 

* 7.0 gs or 10% of the pulse width, whichever is smalier 


o 
a 
Cc 
n 


= 
o 
4 
2 


FIGURE 1 — CLOCK PULSE WIDTH, LOW-STATE FIGURE 2 ~ CLOCK PULSE WIDTH, HIGH-STATE 


FIGURE 3 — RECEIVE DATA SETUP AND HOLD TIMES AND SYNC MATCH DELAY TIME 


Dn-1 Dn bo 


Rx Date 
n= Number of Bits in Character ‘SM 
= Don’t Care 
Sync Match 


= 1 Rx CLK Period 


Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted 


rE 


ored 
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FIGURE 4 — TRANSMIT DATA OUTPUT DELAY AND FIGURE 5 — DATA TERMINAL READY AND INTERRUPT 
TRANSMITTER UNDERFLOW DELAY TIME REQUEST RELEASE TIMES as. | t 
4 
Tx CLK 
Enable 
‘TOD = 3 
+ tDTR P 
Tx Data — & 
; a, «: aT 
tiR 
TUF — ; 
w= Tx CLK High iro 
— Period —»> 
n= Number of bits in character ; 
t 
FIGURE 6 — CLEAR-TO-SEND SETUP TIME FIGURE 7 — DATA CARRIER DETECT SETUP TIME 4 
CTS _ 
5 OCD 
a 
eICTS 
Rx CLK 
Tx CLK \b? 
Notes: 
{ToD a. Must occur before DCD goes low. 
b. First data bit placed in Rx shift register 
Tx Data c. Last data bit of byte placed in Rx shift register 
d. Ax data byte transferred from shift register to Rx FIFO, 
e. Clock edge required for generation of IRO by RDA status, 
Note: Refer to Figure 3 for the Rx data setup and hold times, 
Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
BUS TIMING TEST LOADS 
Load A Load B 
(D0-07, DTA, Tx Data, TUF) (TRO Onty) 
5.0V 5.0V 
RL =2.5k2 3k 4 
d 
MMD6150 “ 
Test Point or EouW, Test Point 
Are 100 pF 
MMD7000 = 
or Equiv 
C= 130 pF for D0-D7 R= 11.7 kf for DO-D7 
= 30 pF for BTR, Tx Data, and TUF = 24 kQ for OTR, Tx Data, and TUF 
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2) 


Characteristic 
Cycle Time . 


| 2 [Pulse Width, E Low | 40 [ - | 

[a Pose Wie, Rigen sO TJ 

| 4 [Clock Rise and Fall Time dT te | | 

[| 9 [Address Hold Time SSC*dTstas | 0 | — 

| 13. {Address Setup Time Before E | tas | 80 | - | 6 | - [40 | ns | 

Se Sh Ta 

| 18 Jono Seect Hold time tc 0 PT =O] Yo 

[18 fread Bate Hod Tine Fiona [of arpa | orl | | os | 

| __21__ [Write Data Hold Time ec LS ea Be Be es ee 

[30 [Output Data Delay Time | topr | — | 20] - | 10] - | 150] ns | 
Input Data Setup Time | tosw | 5] - [of - [of - [ns | 


“The data bus output buffers are no longer sourcing or sinking current by tp}HAmax (High Impedance) 


FIGURE 8 — BUS TIMING CHARACTERISTICS 
(READ/ WRITE INFORMATION} 


(4) (4) © 

2 4 TAVAV, 
B0.0.050 0.0 0 0 0,0 
7 Fle 
MPU Read Data a = =a ke 
c—~~ |i dS 


MPU Write Data Non-Muxed 


RW, Address 
(Non-Muxed} 


Read Data 
Non-Muxed 


Write Data 
Muxed 


Notes: 
1. Voltage levels shown are V; <0.4 V, V}y22.4 V. unless otherwise specified 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
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DEVICE OPERATION 


At the bus interface, the SSDA appears as two ad- 
dressable memory locations. Internally, there are seven 
Segisters: two read-only and five write-only registers. The 
read-only registers are Status and Receive Data; the write- 
only registers are Contro! 1, Contro! 2, Control 3, Sync Code 
and Transmit Data. The serial interface consists of serial in- 
put and output lines with independent clocks, and four 
peripheral/modem control lines. 

Data to be transmitted is transterred directly into the 
Sbyte Transmit Data First-In First-Out (FIFO) Register from 
the data bus. Availability of the input to the FIFO is indicated 
by the TDRA bit in the Status Register; once data is entered, 
it Moves through the FIFO to the last empty location. Data at 
the output of the FIFO is automatically transferred from the 
FIFO to the Transmitter Shift Register as the shift register 
becomés available to transmit the next character. If data is 
not available from the FIFO (underflow condition), the 
Transmitter Shift Register is automatically loaded with either 
a sync code or an all “1's” character. The transmit seciton 
may be programmed to append even, odd, or no parity 10 
the transmitted word. An external control line (Clear-to- 
Send) is provided to inhibit the transmitter without clearing 
the FIFO. 

Serial data is accumulated in the receiver based on the 
synchronization mode selected. In the external sync mode, 
used for parallel-serial operation, the receiver is synchronized 
by the DCD {Data Carrier Detect) input (Figure 9) and 
transfers successive bytes of data to the input of the 
Receiver FIFO. The single-sync-character mode requires that 
& match occur between the Sync Code Register and one in- 
coming character before data transfer to the FIFO begins. 
The two-sync-character mode requires that two sync codes 
be received in sequence to establish synchronization. Subse- 
quent to synchronization in any mode, data is accumulated 
in the shift register, and parity is optionally checked. An in- 
dication of parity error is carried through the Receiver FIFO 
with each character to the last empty location. Availability of 
a word at the FIFO output is indicated by the RDA status bit 
in the Status Register, as is a parity error (PE) 

The SSDA and its internal registers are selected by RS, 
CS. Read/Write (R/W) and Enable centro! lines. To con- 
figure the SSDA, Control Registers are selected and the ap- 
Propriate bits set. The Status Register is addressable for 
reading status. — 

Other I/O lines, in addition to Clear-to-Send (CTS) and 
Data Carrier Detect (DCD), include SM/DTR (Sync 
Match/Data Terminal Ready) and Transmitter Undertlow 
(TUF). The transmitter and receiver each have individual 
clock inputs allowing simultaneous operation under separate 
clock contro!. Signals to the microprocessor are the Data 
Bus and Interrupt Request (IRQ). 


INITIALIZATION 

During a power-on sequence, the SSDA is reset via the 
RESET input and internally latched in a reset condition to 
Prevent erroneous output transitions. The Receiver Shift 
Register is set to all 1's". The Sync Code Register, Control! 
Register 2, and Control Register 3 should be programmed 
prior to the programmed release of the Transmitter and/or 
Receiver Reset bits; these bits in Control Register 1 should 
be cleared after the RESET line has gone high. 


TRANSMITTER OPERATION 


- Data ts transferred to the transmitter section in Parallel 
form by means of the data bus and Transmit Data FIFO. The 
Transmit Data FIFO is a 3-byte register whose status is in- 
dicated by the Transmitter Data Register Available status bit 
{TORA) and its associated interrupt enable bit. Data is 
transferred through the FIFO on negative edges of Enable (E) 
pulses. Two data transfer modes are provided in the SSDA. 
The 1-byte transfer mode provides for writing data to the 
transmitter section {and reading from the receiver section) 
one byte at a time. The 2-byte transfer mode provides for 
writing two data characters in succession. 

Data will automatically transfer from the last register loca- 
tion in the Transmit Data FIFO (when it contains data) to the 
Transmitter Shift Register during the tast half of the last bit 
of the previous character. A character is transferred into the 
Shift Register by the Transmitter Clock. Data is transmitted 
LSB first, and odd or even parity can be optionally append- 
ed. The unused bit positions in short word length characters, 
from the data bus, are “don’t cares’. (Note: The data bus in- 
puts may be reversed for applications requiring the MSB to 
be transferred first, e.g., IBM format for floppy disks; 
however, care must be taken to properly program the control 
registers — Table 1 will have its bit positions reversed.) 

When the Shift Register becomes empty, and data is nor 
available for transfer from the Transmit Data FIFO, an 

“underflow” occurs, and a character is inserted into the 
transmitter data stream to maintain character synchroniza- 
tion. The character transmitted on underflow will be either a 
“Mark” (all ‘“1's') or the contents of the Sync Code 
Register, depending upon the state of the Transmit Sync 
Code on Underflow contro! bit. The underflow condition is 
indicated by a pulse (=1 Tx CLK high period) on the 
Underflow output (when in Tx Sync on underflow mode), 
The Underflow output occurs coincident with the transfer of 
the fast half of the last bit preceding the underflow character. 
The Undertlow status bit is set until cleared by means of the 
Clear Undertlow control bit. This output may be used in flop- 
py disk systems to synchronize write operations and for ap- 
pending CRCC 

Transmission is initiated by clearing the Transmitter Reset 
bit in Control Register 1. When the Transmitter Reset bit is 
cleared, the first fu// positive half-cycle of the Transmit Clock 
will initiate the transmit cycle, with the transmission of data 
or underflow characters beginning on the negative edge of 
the Transmit Clock pulse which started the cycle. if the 
Transmit Data FIFO was not loaded, an underflow character 

will be transmitted (see Figure 4). 

The Clear-to-Send (CTS) input provides for automatic 
control of the transmitter by means of external system hard- 
ware; e.g., the modem CTS output provides the control ina 
data communications system. The CTS input resets and in- 
hibits the transmitter section when high, but does not reset 
the Transmit Data FIFO. The TDRA status bit is inhibited by 
CTS being high in either the one-sync character or two-sync 
character mode of operation. In the external sync mode, 
TDRA is unaffected by CTS in order to provide Transmit 
Data FIFO status for preloading and operating the transmit- 
ter under the control of the CTS input. When the Transmit- 
ter Reset bit (Tx Rs) is set, the Transmit Data FIFO is cleared 
and the TDRA status bit is cleared. After one E clock has oc- 
curred, the Transmit Data FIFO becomes available for new 
data with TDRA inhibited. 
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RECEIVER OPERATION 

Data and a presynchronized clock are provided to the 
SSDA receiver section by means of the Receive Data (Rx 
Data) and Receive Clock (Rx CLK) inputs. The data is a con- 
tinuous stream of binary data bits without means for identi- 
fying character boundaries within the stream. It is, therefore, 
necessary to achieve character synchronization for the data 
at the beginning of the data block. Once synchronization is 
achieved, it is assumed to be retained for all successive 
characters within the block. 

Data communications systems utilize the detection of sync 
codes during the initial portion of the preamble to establish 
character synchronization. This requires the detection of a 
single code or two successive sync codes. Fioppy disk and 
cartridge tape units require sixteen bits of defined preamble 
and cassettes require eight bits of preamble to establish the 
reference for the start of record. All three are functionally 
equivalent to the detection of sync codes. Systems which do 
not utilize code detection techniques require custom logic 
external to the SSDA for character synchronization and use 
of the paralle!-to-serial (external sync) mode. (Note: The 
Receiver Shift Register is set to ones when reset.) 


SYNCRHONIZATION 

The SSDA provides three operating modes with respect to 
character synchronization: one-sync-character mode, two- 
sync-character mode, and external sync mode. The external 
sync mode requires synchronization and control of the 
receiving section through the Data Carrier Detect (DCD) in- 
put (see Figure 7). This external synchronization could con- 
sist of direct line control from the transmitting end of the 
serial data link or from external logic designed to detect the 
start of the message block. The one-sync-character mode 
searches on a bit-by-bit basis until a match is achieved be- 
tween the data in the Shift Register and the Sync Code 
Register. The match indicates character synchronization is 
complete and will be retained for the message block. In the 
two-sync-character mode, the receiver searches for the first 
sync code match on a bit-by-bit basis and then looks for a se- 
cond successive sync code character prior to establishing 
character synchronization. If the second sync code character 
is not received, the bit-by-bit search for the first sync code is 
resumed. 

Sync codes received prior to the completion of syn- 
chronization (one or two character} are not transferred to the 
Receive Data FIFO. Redundant sync codes during the 
preamble or sync codes which occur as “fill characters’ can 
automatically be stripped from the data, when the Strip 
Sync control bit is set, to minimize system loading. The 
character synchronization will be retained until cleared by 
means of the Clear Sync bit, which also inhib:ts synchroniza- 
tion search when set. 


RECEIVING DATA 

Once synchronization has been achieved, subsequent 
characters are automatically transferred into the Receive 
Data FIFO and clocked through the FIFO to the last empty 
location by E pulses (MPU System $2). The Receiver Data 
Available status bit (RDA) indicates when data is available to 
be read from the last FIFO location (#3) when in the 1-byte 
transfer mode. The 2-byte transfer mode causes the RDA 
status bit to indicate data is available when the last two FIFO 


register locations are full. Data being available in the Receive 
Data FIFO causes an interrupt request if the Receiver tnter- 
rupt Enable (RIE) bit is set. The MPU will then read the 
SSDA Status Register which will indicate that data is 
available for the MPU read from the Receive Data FIFO 
register. The IRQ and RDA status bits are reset by a read 
from the FIFO. If more than one character has been received 
and is resident in the Receive Data FIFO, subsequent E 
clocks will cause the FIFO to update and the RDA and iRO 
status bits will again be set. The read data operation for the 
2-byte transfer mode requires an intervening E clock be- 
tween reads to allow the FIFO data to shift. Optional parity is 
automatically checked as data is received, and the parity 
status condition is maintained with each character until the 
data is read from the Receive Data FIFO. Parity errors will 
cause an interrupt request if the Error interrupt Enable (E1E) 
has been set. The parity bit is not transferred to the data bus 


“but must be checked in the Status Register. NOTE: in the 


2-byte transfer mode, parity should be checked prior to 
reading the second byte, since a FIFO read clears the error 
bit 

Other status bits which pertain to the receiver section are 
Receiver Overrun and Data Carrier Detect (DCD). The Over- 
run status bit is automatically set when a transfer of a 
character to the Receive Data FIFO occurs and the first 
register of the Receive Data FIFO is full. Overrun causes an 
interrupt if Error Interrupt Enable (EE) has been set. The 
transfer of the overrunning character into the FIFO causes 
the previous character in the FIFO input register location 10 
be lost. The Overrun status bit is cleared by reading the 
Status Register (when the overrun condition is present), 
followed by a Receive data FIFO Register read. Overrun can- 
not occur and be cleared without providing an opportunity to 
detect its occurrence via the Status Register 

A positive transition on the DCD input causes an interrupt 
if the EIE control bit has been set. The interrupt caused by 
DCD is cleared by reading the Status Register when the DCD 
status bit is high, followed by a Receive data FIFO read. The 
DCD status bit will subsequently follow the state of the DCD 
input when it goes low. 


INPUT/OUTPUT FUNCITONS 


SSDA INTERFACE SIGNALS FOR MPU 

The SSDA interfaces to the MC6800 MPU with an 8-bit bi- 
directional data bus, a chip-select line, a register-select line, 
an interrupt-request line, read/write line, an enable line, and 
a reset tine. These signals, in conjunction with the MC6800 
VMA output, permit the MPU to have compiete control over 
the SSDA. 


SSDA Bi-Directional Data (D0-D7) — Tne bi-directional 
data lines (DO-D7) allow for data transfer between the SSDA 
and the MPU. The data bus output drivers are three-state 
devices that remain in the high-impedance (off) state except 
when the MPU performs an SSDA read operation. 


SSDA Enable (E) — The Enable signal, E, is a high- 
impedance TTL-compatible input that enables the bus in- 
put/output data buffers, clocks data to and from the SSDA, 
and moves data through the FIFO Registers. 
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Read/Write (R/W) — The Read/Write line is a high- 
impedance input that is TTL compatible and is used te con- 
trol the direction of data flow through the SSDA’s in- 
put/output data bus interface. When Read/Write is high 
(MPU read cycle), SSDA output drivers are turned on if the 
chip is selected and a selected register is read. When it is 
low, the SSDA output drivers are turned off and the MPU 
writes into a selected register. The Read/Write signat is also 
used to select read-only or write-only registers within the 
SSDA. 


Chip Select (CS) — This high-impedance TTL-compatible 
input line is used to address the SSDA. The SSDA is 
selected when CS is low. VMA should be used in generating 
the CS input to insure that false selects will not occur. 
Transfers of data to and from the SSDA are then performed 
under the controt of the Enable signal, Read/Write, and 
Register Select. 


Register Select (RS} — The Register Select line is a high- 
impedance input that is TTL compatible. A high level is used 
to select Contro! Registers C2 and C3, the Sync Code 
Register, and the Transmit/Receive Data Registers. A low 
level selects the Control 1 and Status Registers (see Table 1). 


Interrupt Request (IRQ) — interrupt Request is a TTL 
compatible, open-drain (no internal pullup), active low out- 
put that is used to interrupt the MPU. The Interrupt Request 
remains low until cleared by the MPU. 


RESET Input — The RESET input provides a means of 
resetting the SSDA from an external source. In the low 
State. the RESET input causes the following: 

1. Receiver Reset (Rx Rs} and Transmitter Reset (Tx Rs) 
bits are set causing both the receiver and transmitter 
sections to be held in a reset condition. 

2. Peripheral Contro! bits PC1 and PC2 are reset to zero, 
causing the SM/DTR output to be high. 

3. The Error Interrupt Enable (EIE) bit is reset. 

4. An internal synchronization mode is selected. 

5. The Transmitter Data Register Availabie (TDRA) 
Status bit is cleared and inhibited. 

6. The Receiver Shift Register is set to 1's. 

When RESET returns high (the inactive state), the 
transmitter and receiver sections will remain in the reset state 
until the Receiver Reset and Transmitter Reset bits are 
cleared via the data bus under software control. The control 
Register bits affected by RESET (Rx Rs, Tx Rs, PC1, PC2, 
EIE, and E/t Sync) canno: be changed when RESET is low. 


CLOCK INPUTS 


Separate high-impedance TTL-compatible inputs are pro- 
vided for clocking of transmitted and received data. 


Transmit Clock (Tx CLK) ~ The Transmit Clock input is 
used for the clocking of transmitted data. The transmitter 
shifts data on the negative transition of the clock. 


Receive Clock (Rx CLK) — The Receive Clock input is us- 
ed for clocking in received data. The clock and data must be 
synchronized externally. The receiver samples the data on 
the positive transition of the clock. 


SERIAL INPUT/OUTPUT LINES 


“ Receive Data (Rx Data) — The Receive Data line is a high- 
impedance TTL-compatible input through which data is 
received in a serial format. 


Transmit Data (Tx Data) — The Transmit Data output line 
transfers serial data to a modem or other peripheral. 


PERIPHERAL/MODEM CONTROL 


The SSDA includes several functions that permit limited 
control of a peripheral or modem. The functions included are 
Clear-to-Send, Sync Match/ Data Termina! Ready, Data Car- 
rier Detect, and Transmitter Underfiow. 


Clear-to-Send (CTS) — The CTS input provides a real- 
time inhibit to the transmitter section (the Tx Data FIFO is 
not disturbed). A positive CTS transition resets the Tx Shift 
Register and inhibits the TDRA status bit and its associated 
interrupt in both the one-sync-character and two-sync- 
character modes of operation. TDRA is not affected by the 
CTS input in the external sync mode. 

The positive transition of CTS is stored within the SSDA 
to insure that its occurrence will be acknowledged by the 
system. The stored CTS information and its associated IRO. 
(if enabled) are cleared by writing a "1" in the Clear CTS bit 
in Control Register 3 or in the Transmitter Reset bit. The CTS 
status bit subsequently follows the CTS input when it goes 
low. 

The CTS input provides character timing for transmitter 
data when in the external sync mode. Transmission is in- 
itiated on the negative transition of the first ful/ positive clock 
pulse of the transmitter clock (Tx CLK) after the release of 
CTS (see Figure 6). 


Data Carrier Detect (DCD) — The DCD input provides a 
real-time inhbit to the receiver section (the Rx FIFO is not 
disturbed). A positive DCD transition resets and inhibts the 
receiver section except for the Receive FIFO and the RDRA 
Status bit and its associated IRQ. 

The positive transition of BCD is stored within the SSDA 
to insure that its occurrence will be acknowledged by the 
system. The stored DCD information and its associated IRO 
(if enabled) are cleared by reading the Status Register and 
then the Receiver FIFO, or by writing a “1” into the Receiver 
Reset bit. The DCD status bit subsequently follows the DCD 
input when it goes iow. The DCD input provides character 
synchronization timing for the receiver during the external 
sync mode of operation. The receiver will be initialized and 
data will be sampled on the positive transition of the first fulf 
Receive Clock cycle after release of DCD (see Figure 7). 


Syne Match/Data Terminal Ready (SM/DTR) — The 
SM/DTR output provides four functions (see Table 1) 
depending on the state of the PC1 and PC2 control bits. 
When the Sync Match mode is selected (PC=‘1", 
PC2="'0"), the output provides a one-bit-wide pulse when a 
sync code is detected. This pulse occurs for each sync code 
match even if the receiver has already attained synchroniza- 
tion The SM output is inhibited when PC2="'1’’. The DTR 
mode (PC1=*'0") provides an output level corresponding to 
the complement of PC2 (DTR= 0" when PC2=“'1"). {See 
Table 1.) 
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TABLE 1 — SSDA PROGRAMMING MODEL 


Address : 
igersel Controt Register Content 


Interrupt Transmitter Receiver 

Request Data Data 
Register Available 
Available (RDA) 


(TORA) 


Transmitter Simp Sync Transmitier Recewer 
Interrupt Characters Reset Reset 
Enable (Strip Syne) (Tx Rs) (Rx Rs} 


En a ee ee ee oe oe ee oe 
Data FIFO 


1-Byte/2-Byte Peripheral Peripheral 
Transler Contoal 2 Control 1 
{1-Byte/2: Byte) (PC2) (PCt) 


Interrupt [Sync Code 
Enable on 


Clear CTS One-Sync- External/ 
Status Character! Internal 
Undertlow (Clear CTS) Two-Sync Sync Mode 
Status Character Control 
(CTUF) Mode Control | (E/I Sync) 


{1 Sync! 


ih 4 


A a 
Ea ie ae ae 


[Syne cose [fo] 7 | 


Transmit 
Data FIFO 


X = Don't care 


STATUS REGISTER CONTROL REGISTER 2 
RO Bu? The IRQ flag is cleared when the source of the JRO is EIE Bit 7 When “'1", enables the PE, Rx Oven, 
cleared. The source is devermined by the enables in the TUF, CTS, and DCD snterrupt flags 
Controt Registers: TIE, RIE, EtE. (S Bits 6 through 7). 
Bits 6-0 indicate the SSDA status at a point in time, and can be Tx Syne Bit 6 When "1", allows sync code conients 


to be transferred on unterflow, and 
enables the TUF Status bit and out- 
put. When 0”, an all mark character 
is transmitted on underflow. 

WS3, 2,1 Bits 5-3 Word Length Select 


reset as tollows 
PE Bit6 Read Rx Data FIFO, or a“'1” into Rx Rs (C1 Bit 0} 
Rx Ovrn BitS Read Status and then Rx Data FIFO, or a “1” into 
Rx Rs (C1 Bit 0). 
TUF Bit4 A171” into CTUF (C3 Bit 3) or into Tx Rs (C1 Bit 1). 
cts Bit 3 A‘'1" into Clear CTS (C3 Bit 2) ora “1” into Tx Rs 


{C1 Bitl) 
DCD Bi 2) Read Status and then Ax Data FIFO or a “1” into 
Rx Rs (C1 Bit 0} 6 Bits + Even Parity 
TORA Bit 1) Write into Tx Data FIFO. 6 Bits + Odd Parity 
RDA BO Read Rx Data FIFO. : ae 
WS 
CONTROL REGISTER 1 7 Bits 4 Even Parity 
AC2, ACI Bits 7,6 Used to access other registers, as shown above. 7 Bus + Odd Parity 
RIE Bit 5 When ‘‘1"’, enables interrupt on RDA (S Bit 0). 8 Bits + Even Parity 
TIE Bil 4 When ’'1", enables interrupt on TDRA (S Bit 1). B Bits + Odd Parity 


Clear Sync Bit3 When “1”, clears receiver character synchronization. 

Strip Sync Bit 2 When 1", strips all sync codes from the received 1-Byte/2-Byte Bit 2 When ‘‘1", enables the TORA and 
data stream. RDA bits to indicate when a 1-byte 

Tx Rs Bit 1) When "1", resets and inhibits the transmitter section. transfer can occur, when "0". the 

Rx Rs BitO When ‘1, resets and inhibits the receiver section. TDRA and RDA hits indicate when 

a 2-byte transfer can occur. 

CONTROL REGISTER 3 PC2,PC1. Bits 1-0 SM/DTR Ourput Controt 

CTUF Bit 3. When “1”, clears TUF (S Bit 4), and IRQ if enabled. Bi Bro 

Clear CTS. Bit 2. When "1", clears CTS (§ Bit 3), and IRQ if enabled. 


1Sync/2 Sync Bit 1 When’'1", selects the one-sync-character mode; when 
“O''", selects the two-sync-character mode. 

E/t Sync Bit O When", selects the external sync mode; when "0", 
selects the internal sync mode. 


1 
RIES Pulse = oe 1-Bit Wide, on SM 
0 
SM Inhibited, 0 


NOTE: When the SSDA is used in applications requiring the MSB of data to 
be received and transmitied first, the data bus inpuls to the SSDA may be 
reversed (DO to D7, etc.). Caution must be used when this is done since the 
bit positions in this table will be reversed, and the parity should not be selected. 
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Transmitter Underflow (TUF) — The Underflow output in- 
dicates the occurrence of a transfer of a ‘fill character’ to 
the Transmitter Shift Register when the last location (#3) in 
the Transmit Data FIFO is emtpy. The Underflow output 
pulse is approximately one Tx CLK high period wide and oc- 
curs during the last half of the last bit of the character 
preceding the “Underfiow’ (see Figure 4). The Underfiow 
output pulse does not occur when the Tx Sync bit is in the 
reset State. 


SSDA REGISTERS 


Seven registers in the SSDA can be accessed by means of 
the data bus. The registers are defined as read-only or write- 
only according to the direction of information flow. The 
Register Select input (RS) selects two registers in each state, 
one being read-only and the other write-only. The 
Read/Write input (R/W) defines which of the two selected 
registers will actually be accessed. Four registers (two read- 
only and two write-only) can be accessed via the bus at any 
particular time. These registers and the required addressing 
are defined in Table 1. 


CONTROL REGISTER 1 (C1) 

Control Register 1 is an 8-bit write-only register that can be 
directly addressed from the data bus. Control Register 1 is 
accessed when RS= "0" and R/W= "0". 


Receiver Reset (Rx Rs), C1 Bit 0 — The Receiver Reset 
control bit provides both a reset and inhibit function to the 
receiver section. When Rx Rs is set, it clears the receiver 
control logic, sync logic, error logic, Rx Data FIFO. Control, 
Parity Error status bit, and DCD interrupt. The Receiver Shift 
Register is set to ones. The Rx Rs bit must be cleared after 
the occurrence of a iow level on RESET in order to enable 
the receiver section of the SSDA. 


Transmitter Reset (Tx Rs), C1 Bit 1 — The Transmitter 
Reset control bit provides both reset and inhibit to the 
transmitter section. When Tx.Rs is set, it clears the transmit- 
ter control section, Transmitter Shift Register, Tx Data FIFO 
Control (the Tx Data FIFO can be reloaded after one E clock 
pulse), the Transmitter Underflow status bit, and the CTS in- 
terrupt, and inhibits the TDRA status bit (in the one-sync- 
character and two-sync-character modes).The Tx Rs bit 
must be cleared after the occurrence of a low level on RESET 
in order to enable the transmitter section of the SSDA. If the 
Tx FIFO is not preloaded, it must be loaded immediately after 
the Tx Rs release to prevent a transmitter underflow condi- 
tion... 


Strip Synchronization Characters (Strip Sync), C1 Bit 2 — 
If the Strip Sync bit is set, the SSDA will automatically strip 
all received characters which match the contents of the Sync 
Code Register. The characters used for synchronization (one 
or two characters of sync) are always stripped from the 
received data stream. 


Clear Synchronization (Clear Sync), C1 Bit 3 — The Clear 
Sync control bit provides the capability of dropping receiver 
character synchronization and inhibiting resynchronization. 
The Clear Sync bit is set to clear and inhibit receiver syn- 
chronization in ai/ modes and is reset to zero to enable resyn- 
chronization. 


Transmitter Interrupt Enable (TIE), C1 Bit 4 — TIE enables 
both the Interrupt Request output (IRQ) and Interrupt Re- 
quest status bit to indicate a transmitter service request. 
When TIE is set and the TDRA status bit is high, the [RO out- 
put will go low (the active state) and the IRQ status bit will 
go high. 


Receiver Interrupt Enable (RIE), C1 Bit § — RIE enables 
both the Interrupt Request output (RO) and the Interrupt 
Request status bit to indicate a receiver service request. 
When RIE is set and the RDA status bit is high, the TRO out- 
put will go low (the active state) and the IRQ status bit will 
go high. 


Address Contro! 1 (AC1) and Address Control 2 (AC2), C1 
Bits 6 and 7 — AC1 and AC2 select one of the write-only 
registers -- Control 2, Control 3, Sync Code, or Tx Data 
FIFO — as shown in Table 1, when RS="1" and 
R/W="0". 


CONTROL REGISTER 2 (C2) 

Control! Register 2 is an &-bit write-only register which can 
be programmed from the data bus when the Address Control 
bits in Control Register 1 {AC1 and AC2) are reset, RS = "1" 
and R/W="0". 


Peripheral Control (PC1) and Peripheral Control! 2 (PC2), 
C2 Bits 0 and 1 — Two contro! bits, PC1 and PC2, determine 
the operating characteristics of the Sync Match/DTR out- 
put. PC1, when high, selects the Sync Match mode. PC2 
provides the inhibit/enable control for the SM/DTR output 
in the Sync Match mode. A one-bit-wide pulse is generated 
at the output when PC2 is "0", and a match occurs between 
the contents of the Sync Code Register and the incoming 
data even if sync is inhibited (Clear Sync bit="1"). The 
Sync Match pulse is referenced to the negative edge of Rx - 
CLK pulse causing the match (see Figure 3). 

The Data Terminal Ready (DTA) mode is selected when 
PC1 is low. When PC2= "1" the SM/DTR output= 0" and 
vice versa. The operation of PC2 and PC1 is summarized in 
Table 1. 


1-Byte/2-Byte Transfer (1-Byte/2-Byte}, C2, Bit 2 — 
When 1-Byte/2-Byte is set, the TDRA and RDA status bits 
will indicate the availabitliy of their respective data FIFO 
registers for a single-byte data transfer. Alternately, if 
1-Byte/2-Byte is reset, the TDRA and RDA status bits in- 
dicate when two bytes of data can be moved without a se- 
cond status read. An intervening Enable pulse must occur 
between data transfers. 


Word Length Selects (WS1, WS2, WS3), C2 Bits 3, 4, 5 
— Word Length Select bits WS1, WS2, and WS3 select 
word lengths of 7, 8, or 9 bits including parity as shown in 
Table 1. 


Transmit Sync Code on Underflow (Tx Sync), C2 Bit 6 — 
When Tx Sync is set, the transmitter will automatically send 
a sync character when data is not available for transmission. 
If Tx Sync is reset, the transmitter will transmit a Mark 
character (including the parity bit position) on underflow. 
When the underflow is detected, a pulse approximately one 
Tx CLK high period wide will occur on the underflow output 
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if the Tx Sync bit is set. Internal parity generation is inhibited 
during underflow except for sync code fill character 
transmission in 8-bit plus parity word lengths. 


Error Interrupt Enable ({EIE), C2 Bit 7 — When EIE is set, 
the IRQ status bit will go high and the /RO output will go low 
if: 

1. A receiver overrun occurs. The interrupt is cleared by 
reading the Status Register and reading the Rx Data 
FIFO. 

2. DCD input has gone to a “1”. The interrupt is cleared 
by reading the Status Register and reading the Rx 
Data FIFO. 

3. A parity error exists for the character in the last loca- 
tion {#3} of the Hx Data FIFO. The interrupt is cleared 
by reading the Rx Data FIFO. 

4. The CTS input has gone to a “'1"_ The interrupt is 
cleared by writing a “1” in the Clear CTS bit, C3 bit 2, 
or by a Tx Reset. 

5. The transmitter has underflowed (in the Tx Sync on 
Underflow mode). The interrupt is cleared by writing a 
"1" into the Clear Underflow, C3 bit 3, or Tx Reset. 

When EIE is a “0”, the {RO status bit and the [RO output 
are disabled for the above error conditions. A low level on 
the RESET input resets EIE to “0”. 


CONTROL REGISTER 3 (C3) 

Control Register 3 is a 4-bit write-only register which can 
be programmed from the data bus whe RS="1" and 
R/W="0" and Address Control bit ACI="1" and 
AC2="0". ‘ 


External/Internat Sync Mode Conrol {E/I Sync), C3, Bit 0 
— When the E/1 Sync Mode bit is high, the SSDA is in the 
external sync mode and the receiver synchronization logic is 
disabled. Synchronization can be achieved by means of the 
DCD input or by starting Rx CLK a1 the midpoint of data bit 0 
of a cahracter with DCD low. Both the transmitter and 
receiver sections operate as parallel — serial converters in 
the External Sync mode. The Clear Sync bit in Control 
Register 1 acts as a receiver sync inhibit when high to pro- 
vide a bus controllable inhibit. The Sync Code Register can 
serve as a transmitter fill character register and a receiver 
match register in this mode. A “low” on the RESET input 
resets the E/I Sync Mode bit placing the SSDA in the inter- 
nal sync mode. 


One-Sync-Character/Two-Sync-Character Mode Control 
{1-Sync/2-Sync}, C3 Bit 1 — When the 1-Sync/2-Sync bit is 
set, the SSDA will synchronize on a single match between 
the received data and the contents of the Sync Code 
Register. When the 1-Sync/2-Sync bit is reset, two suc- 
cessive sync characters must be received prior to receiver 
synhnchronization. lf the second sync character is not 
detected, the bit-by-bit search resumes from the first bit in 
the second character. See the description of the Sync Code 
Register for more details. 


Clear CTS Status (Clear CTS), C3 Bit2 — Whena “1” is 
written into the Clear CTS bit, the stored status and interrupt 
are cleared. Subsequently, the CTS status bit reflects the 


state of the CTS input. The Clear CTS control bit does not 
affect the CTS input nor its inhibit of the transmitter section. 
The Clear CTS command bit is self-clearing, and writing a 
“Q" into this bit i¢ a nonfunctional operation. 


Clear Transmit Underflow Status (CTUF), C3 Bit 3 — 
When a “1” is written into the CTUF status bit, the CTUF bit 
and its associated interrupt are reset. The CTUF command 
bit is self-clearing and writing a ‘O" into this bit is a nonfunc- 
tional operation. 


SYNC CODE REGISTER 

The Sync Code Register is an 8-bit register for storing the 
programmable sync code required for received data character 
synchronization in the one-sync-character and two-sync- 
character modes. The Sync Code Register also provides for 
stripping the sync/fill characters from the received data {a 
programmable option} as well as automatic insertion of fill 
characters in the transmitted data stream. The Syne Code 
Register is not utilized for receiver character synchronization 
in the external sync mode; however, it provides storage of 
receiver match and transmit fill characters. 

The Sync Code Register can be loaded when AC2 and 
AC1 are a “1” and "0", respectively, and R/W="'0" and 
RS="1". 

The Sync Code Register may be changed after the detec- 
tion of a match with the received data (the first sync code 
having been detected) to synchronize with a double-word 
sync pattern. (This sync code change must occur prior to the 
completion of the second character.) The sync match (SM) 
output can be used to interrupt the MPU system to indicate 
that the first eight bits have matched. The service routine 
would then change the sync match register to the second 
half of the pattern. Alternately, the one-sync-character mode 
can be used for sync codes for 16 or more bits by using soft- 
ware to check the second and subsequent bytes after 
reading them from the FIFO. 

The detection of the sync code can be programmed to ap- 
pear on the Sync Match/DTR output by writing a “1” in PC1 
(C2 bit 0) and a “0” in PC2 (C2 bit 1}. The Sync Match out- 
put will go high for one bit time beginning at the character in- 
terface between the sync code and the next character (see 
Figure 3). * 


PARITY FOR SYNC CHARACTER 


Transmitter 
Transmitter does not generate parity for the sync 
character except 29-bit mode. 
_ Obit (8-bit + parity)...8-bit sync character + parity 
8-bit (7-bit + parity). ..8-bit sync character (no parity) 
7-bit (6-bit + parity}...7-bit sync character {no parity) 


Receiver 

At Synchronization 

Receiver automatically strips the sync character(s) {two 
sync characters if ‘2 sync’ mode is selected} which is used to 
establish synchronization. Parity is not checked for these 
sync characters. 
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After Synchronization Is Established 


When ‘strip sync’ bit is selected, the sync characters (fill 
characters) are stripped and parity is not checked for the 
stripped sync (fill) characters. When “strip sync” bit is not 
selected (iow), the sync character is assumed to be normal 
data and it is transferred into FIFO after Parity checking. 
(When non-parity format is selected. parity is not checked } 


1 No transfer of sync code 
No parity Check of sync code 
s , “Transfer data and sync codes 


‘ *Transter data and sync codes 
| oo | Without Panty Noipaiit pele 


* Subsequent to synchronization 


WSO-WS2 
Strip Sync | (Data Format) 
(Ci, Bit 2) | (C2, Bits 3-5) 


't is necessary to consider parity in the selected sync 
character in the following cases. Data Format is (6+ parity), 
(7+ parity), strip sync is not selected (low), and when sync 
code is used as a fill character after synchronization. 

The transmitter sends a sync character without Parity, but 
the receiver checks the parity as if it is normal data. 
Therefore, the sync character should be chosen to match the 
parity check selected for the receiver in this special case. See 
the following section for unused bit assignment in short- 
word length. 


RECEIVE DATA FIRST-IN FIRST-OUT REGISTER (Rx Data 
FIFO) 


The Receive Data FIFO Register consists of three 8-bit 
registers which are used for buffer storage of received data. 
Each 8-bit register has an internal status bit which monitors 
its full or empty condition. Data is always transferred from a 
full register to an adjacent empty register. The transfer from 
register to register occurs on E pulses. The RDA status bit 
will be high when data is available in the last location of the 
Rx Data FIFO 

In an Overrun condition, the Overrunning character will be 
transferred into the full first stage of the FIFO register and 
will cause the loss of that data character. Successive over- 
Tuns continue to overwrite the first register of the FIFO. This 
destruction of data is indicated by means of the Overrun 
Status bit. The Overrun bit will be set when the overrun oc- 
Curs and remains set until the Status Registe is read, follow- 
ed by a read of the Rx Data FIFO. 

Unused data bits for short word lengths (including the 
Parity bit) will appear as “O's” on the data bus when the Rx 
Data FIFO is read. 


TRANSMIT DATA FIRST-IN FIRST-OUT REGISTER (Tx 
Data FIFO) 


The Transmit Data FIFO Register consists of thee 8-bit 
registers which are used for buffer storage of data to be 
transmitted. Each 8-bit register has an internal status bit 
which monitors its full or empty condition. Data is always 
transferred from a full register to an adjacent empty register. 
The transfer is clocked by E pulses. 

The TDRA status bit will be high if the Tx Data FIFO is 
available for data. 


Unused data bits for short word lengths will be handled as 
“don’t cares.” The parity bit is not transferred over the data 
bus since the SSDA generates parity at transmission. 

When an Underflow occurs, the Underflow character will 
be either the contents of the Sync Code Register or an all 
“I's” character. The underflow will be stored in the Status 
Register until cleared and will appear on the Underflow out- 


put as a pulse approximatiey one Tx CLK high period wide. 


STATUS REGISTER (S) 


The Status Register is an 8-bit read-only register which 
provides the real-time status of the SSDA and the associated 
serial data channel. Reading the Status Register is a non- 
destructive process. The method of clearing status bits 
depends upon the function each bit represents and is 
discussed for each bit in the register. 


Receiver Data Available (RDA), S Bit 0 — The Receiver 
Data Available status bit indicates when receiver data can be 
read from the Rx Data FIFO. The receiver data being present 
in the last register (#3) of the FIFO causes RDA to be high for 
the 1-byte transfer mode. The RDA bit being high indicates 
that the last two registers (#2 and #3) are full when in the 
2-byte transfer mode. The second character can be read 
without a second status read {to determine that the 
character is available). An E pulse must occur between reads 
of the Rx Data FIFO to allow the FIFO to shift. Status must 
be read on a word-by-word basis if receiver data error check- 
ing is important. The RDA status bit is reset automatically 
when data is not available. 


Transmitter Data Register Available (TDRA), S Bit 1 — 
The TDRA status bit indicates that data can be loaded into 
the Tx Data FIFO Register. The first register (#1) of the Tx 
Data IFFO being empty will be indicated by a high level in the 
TDRA status bit in the 1-byte transfer mode. The first two 
registers (#1 and #2) must be empty for TDRA to be high 
when in the 2-byte transfer mode. The Tx Data FIFO can be 
loaded with two bytes without an intervening status read; 
however, one E pulse must occur between loads. TDRA is 
inhibited by the Tx Reset or RESET. When Tx Reset is set, 
the Tx Data FIFO is cleared and then released on the next E 
clock pulse. The Tx Data FIFO can then be loaded with up to 
three characters of data, even though TDRA is inhibited. 
This feature allows preloading data prior to the release of Tx 
Reset. A high level on the CTS input inhibits the TDRA 
Status bit in either sync mode of operation {one-sync- 
character or two-sync-character). CTS does not affect 
TDRA in the external sync mode. This enables the SSDA to 
operate under the contro! of the CTS input with TDRA in- 
dicating the status of the Tx Data FIFO. The CTS. input does 
not clear the Tx Data FIFO in any operating mode. 


Data Carrier Detect (DCD), S Bit 2 — A positive transition 
on the DCD input is stored in the SSDA untit cleared by 
reacing both Status and Rx Data FIFO. A “1 written into Rx 
Rs also clears the stored DCD status. The DCD status bit, 
when set, indicates that the DCD input has gone high. The 
reading of Status followed by reading of the Receive Data 
FIFO allows Bit 2 of subsequent Status reads to indicate the 
state of the DCD input until the next positive transition. 
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Clear-to-Send (CTS), S Bit 3 — A positive transition on 
the CTS input is stored in the SSDA until cleared by writing 
a1" into the Clear CTS control bit or the Tx As bit. The 
CTS status bit, when set, indicates that the CTS input has 
gone high. The Clear CTS command (a “1” into C3 Bit 2) 
allows Bit 3 of subsequent Status reads to indicate the state 
of the CTS input until the next positive transition. 


Transmitter Underflow (TUF), S Bit 4 — When data is not 
available for the transmitter, an underflow occurs and is so 
indicated in the Status Register (in the Tx Sync on underflow 
mode). The underflow status bit is cleared by writing a "1°" 
into the Clear Underflow (CTUF) contro! bit or the Tx Rs bit. 
TUF indicates that a sync character will be transmitted as the 
next character. A TUF is indicated on the output on/y when 
the contents of the Sync Code Register is to be transferred 
(transmit sync code on underflow=“1"'). 


Receiver Overrun (Rx Ovrn), S Bit 5 — Overrun indicates 
data has been received when the Rx Data FIFO is full, 


resulting in data loss. The Rx Ovrn status bit is set when 
overruo occurs. The Rx Ovrn status bit is cleared by reading 
Status followed by reading the Rx Data FIFO or by setting 
the Rx Rs control bit. 


Receiver Parity Error (PE), S Bit 6 — The parity error 
status bit indicates that parity for the character in the last 
register of the Rx Data FIFO did not agree with selected pari- 
ty. The parity error is cleared when the character to which it 
pertains is read from the Rx Data FIFO or when Rx Rs oc- 
curs. The DCD input does not clear the Parity Error or Rx 
Data FIFO status bits. 


Interrupt Request (IRQ), S Bit 7 — The interrupt Request 
status bit indicates when the IRQ output is in the active state 
(TRO output = "0"). The IRG status bit is subject to the same 
interrupt enables (RIE, TIE, and E!E) as the TRO output. The 
TRO status dit simplifies status inquiries for polling systems 
by providing single bit indication of service requests. 
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rature Range: 

ifitary (-55°C to +125°C) 
bmmercial (0°C to +70°C) © 
Type 

Circuit 


RSIL, INC. Circuit 


QUIESCENT 
oo CURRENT SETA 


NON-INVERTING 


113) inputs 
INVERTING 
12) inure 


QUIESCENT 
CURRENT SETS 
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FEATURES 


@ 120 MHz Bandwidth 

e 250k Input Resistance ; 
-@ Selectable Gains of 10, 100, and 400 | 
e No Frequency Compensation Required 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 48V 
Differential input Voltage 45V 
Common Mode Input Voltage t6V 
Output Current 10 mA 
Internal Power Dissipation 
Metal Can 500 mW 
Flatpak 570 mW 
~ DIP * 670 mW 
Operating Temperature Range (Note 1) 
Military (733) -55°C to +125°C 
Commercial (733C) 0°C to +70°C 
Storage Temperature Range - 65°C to #150°C 


Lead Temperature (Soldering, 60 second time limit) 300°C 


CONNECTION DIAGRAMS 


10-LEAD METAL CAN 
(TOP VIEW) 


Gus 


Gon GAIN SELECT 


a 
GAINSELECT =. 
Sus 


Gain SELECT 


Note: Pin 5 connected to case. 


14-LEAD DIP 
(TOP VIEW) 
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Differential Video Amplifier 


s- -- B e 
Linear Integrated Circuits 
GENERAL DESCRIPTION Se SS 
The 733 is a monolithic two-stage Differential input, 
Differential Output Video Amplifier. Internal series-shunt 
feedback is used to obtain wide bandwidth, low phase 
distortion, and excellent gain stability. Emitter follower 
Outputs enable the device to drive capacitive loads and all 
stages are current-source biased to obtain high power 
supply and common mode rejection ratios. It offers fixed 
gains of 10, 100 or 400 without external components, and 
adjustable gains from 10 to 400 by the use of a single 
external resistor. No external frequency compensation 
components are required for any gain option. The device is 
particularly useful in magnetic tape or disc file systems 
using phase or NRZ encoding and in high speed thin film or 
plated wire memories. 
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CHIP DIMENSION 43 45 MILS. 


EQUIVALENT CIRCUIT 


#AT33HM TB 
BAT33HC TB 
#A733DM DD 
wA?33DC DD 
LM733 TB 
LM733CTB 

| Lm733 pp 
LM733 CDD 
LM733 CPD 


10 Lead Can 
10 Lead Metal Can 
14 Lead DIP 
14 Lead DIP 
10 Lead Can 
14 Lead DIP 
10 Lead Can 
14 Lead DIP 
14 Lead DIP 


-55°C to +125°C 
OCto +70°C 
-5S°C to +125°C 
O'Cto +70°C 
-55°C to +125°C 
Octo +70°C 
-5S°C 10 +125°C 
OCto +70°C 
O’Cto +70°C 


HAT33HM 
pAT33HC 
#A733DM 
BAT330C 
LM733H 

LM733CH 
LM733D 

LM733CD 
LM733CN 
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"Differential Voltege Gain £2 2 


Gain 1 (Note 2) 


ge, Gain? {Note 3) 
Gain 3 (Note 4) 


Propagation Delay ©. 
Gain 1 
Gain 2 
Gain3 

Input Resistance 
Gain 1 
Gain'2 . 

- Gain3 

input Capacitance 

input Offset Current 

tnput Bias Current 

Input Noise Voitage 

input Voltage Range 

Common Mode Rejection Ratio 
Gain 2 peer 
Gain 2 

Supply Voltage Rejection Ratio 
Gain 2 


BS “ae 


Output Offset Voltage 
Gain 
Gain 2 and Gain 3 


Output Common Mode Voltage 
Output Voltage Swing 
Output Sink Current 

Output Resistance 
Power Supply Current 


Differential Voltage Gain 


Gain 1 (Note 2) 
Gain 2 (Note 3) 


Gain 3 (Note 4) 
Input Resistance 
Gain2 
Input Offset Current 
Input Bias Current 
input Voltage Range 
Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 
Output Offset Voltage 


Gain1 
Gain 2 and Gain 3 


Output Swing 
Output Sink Current 


Positive Supply Current 


M733/C ee pies 


BM % 
Bi 
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733M ELECTRICA CHARACTERISTICS (Tp = 25°C, Vo = +6.0 V unless otherwise specified) 


PARAMETER (see definitions)” © “{~ © ~ convitions  *™ 


3 RaC TF 


The foliowing specifications apply for —55°C < Ta &+125°C 
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Vom = 21.V,1=5MHz | 


Avs = 40.5V 
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Differential | 
Gain 1 (? 
Gain 2 (? 
Gain 3 {f 
yi hE 
Bandwidth 
Gain? 
Gain2 
. Gain3 
Riserirme 
Gain 
Gain2 
Gain3 
Propagation [ 
Gaint 
Gain 2 
Gain3 
a 
input Resistar 
Gain 
Gain? 
Gain3 
tnput Capaciti 
Input Offset C 
input Bias Cur 
input Norse Vi 


tnput Voltage 
Common Mod 
Gain2 
Gain 2 
Supply Voltage 
Gain 2 
Output Offset 
Gain 
Gain 2 and 


Output Resistar 
Power Supply C 
The following si 
Differential Vol 
Gain 1 (Note 
Gain 2 (Note 
Gain 3 (Note 
input Resistance 
Input Offset Cur 
input Bias Curre 
Input Voltage Ri 
Common Mode | 
Gain 2 
Supply Voltage f 
Gain 2 
Output Offset Vc 
Output Voltage § 
Output Sink Cur 


Power Supply Cu 
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733C ELECTRICAL CHARACTERISTICS (Ta= 25°C, Vs * £6.0 V unless otherwise specified) ; = =. 1 


PARAMETER (see definitions! CONDITIONS MIN. | 


Differential Voltage Gaih, 
Gain 1 (Note 2) : 
Gain 2 (Note 3) 
Gain 3 (Note 4) 
Bandwidth | 
Gain e 2 pat 
Gain 2 : 
, _ Gain3 
Risetime 
Gain 
Gain2 
Gain3 
Propagation Delay 
Gain1 
Gain 2 
Gain 3 
Input Resistance 
Gain} 
Gain2 
Gain3 
Input Capacitance 
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40 


Rg = 502, Vout = 1 Vp-p 


ro 


Rg = 502, Vout = 1 Vp-p 


input Offset Current 
input Bias Current 
input Noise Voltage Rg = 502, BW = 1 kHz to 10 MHz 


600 
120 
12 


Input Voltage Range 
Common Mode Rejection Ratio 
Gain 2 . Vem = £1 V, $< 100 kHz 
Gain 2 Vem ® £1 V,f = 5 MHz 
Supply Voltage Rejection Ratio 
Gain 2 : Avs« 40.5V 
Output Offset Voltage 
Gain 
Gain 2 and Gain 3 
Output Common Mode Voitage 
Output Voltage Swing 
Output Sink Current 
Output Resistance 


Power Supply Current 
The following specifications apply tor O°C S Ta © 470°C 
Differential Voltage Gain 

Gain 1 (Note 2) 

Gain 2 (Note 3) 

Gain 3 (Note 4) 
Input Resistance—Gain 2 


Input Offset Current 
~ tnput Bias Current 
Input Voltage Range 


Common Mode Rejection Ratio ' 3 fe 
Gain2 Vem" #1V,fS100kH2 | 50 
Supply Voltage Rejection Ratio 
Gain2 AVs= 40.5 V 


Output Offset Voltage (All Gain} 
Output Voltage Swing 

Output Sink Current 

Power Supply Current 
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Beckman Series 7545 and 7546 are the first CMOS 12-bit Digital- 

to-Analog Converters to offer the combination of complete 8-bit 

microprocessor compatibility, real 12-bit accuracy and TTL or 

CMOS logic input compatibility within a single package. 

Their features include: 

® 12-Bit Resolution 

@ +0.012% linearity (+ V2 LSB in 12 bits) guaranteed over the 
operating temperature range (7545) 

® Double buffered inputs—separate input and holding registers 

& Microprocessor compatible 4-bit/8-bit byte input for 12-bit 
inputs from 8-bit microprocessors 

® Serial or parallel input formats—switchable upon command 

® TTL or CMOS input compatibility 

® Commercial and military temperature range versions 

® Low power CMOS internal circuitry 

8 All thin film application resistors included for superior 
stability and precision performance 

= Low reference feedthrough for precision AC reference 
applications 


Microprocessor Compatibility 

Both Series 7545 and 7546 have two input registers separate from 
the switch holding register which can separately be enabled to 
accept a 12-bit input data word in 4-bit (most significant bits) and 
8-bit (least significant bits) bytes from an 8-bit microprocessor bus. 


True 12-Bit Performance 

+¥%2 LSB linearity (+0.012% FSR) is guaranteed over the full 
Operating temperature range for each model of series 7545. Simi- 
larly, worst case limits are specified for initial gain setting error 
and gain error temperature coefficient for both the 7545 and 
7546 and for the Series 7546, zero offset and zero offset tempera- 
ture coefficient are guaranteed. 


Serial or Parallel Operation 

Both series can operate in a serial input mode or a parallel input 
mode and, in fact, can alternately be switched from one mode 
to the other. In the serial mode, the four least significant bit input 
registers can be bypassed to allow processing 8-bit input words 
in the eight most significant bit locations. 

The input registers and holding register are configured to allow 
either switch updating upon command using the enable lines, 
or in a continuous conversion mode by permanently enabling the 
transfer lines for parallel operation. 


TTL or CMOS Compatible 

Both input registers utilize input translators which can accept 
either TTL inputs using a +5 volt supply or CMOS inputs using 
supply levels from +5 to +15 volts. Separate holding register and 
input register power supply lines allow this flexibility without 
compromising linearity. 

Military and Commercial Versions 

Commercial versions are available in a polymer sealed package 
(e.g., 7545C and 7546C) with performance specifications guaran- 
teed over 0°C to +70°C. The MIL range performance versions 
utilize an hermetically sealed package with performance guaran- 
teed over — 55°C to + 125°C (e.g., 7545M and 7546M). 


Internal Configuration 

Precision thin film nichrome resistors are deposited on an alumina 
substrate to achieve optimum stability and uncompromised 
linearity and tracking performance. A separate CMOS chip con- 
tains the input level translators and shift registers, the DAC switch 
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holding register, the switch drivers and analog switches and is 
silicon nitride passivated to insure high reliability performance 
for both commercial and military requirements. These devices are 
assembled on a thick film substrate to provide the most cost effec- 
tive overall assembly. 

All units receive 100% electrical testing over the specified tem- 
perature range to assure reliable performance capabilities for 
both commercial and military versions. 


General Purpose and Multiplying Models 

Series 7545 is the four quadrant multiplying configuration 
designed for use with an external AC reference. Four quadrant 
multiplication is implemented by the bipolar digital proportioning 
of the AC reference. Two quadrant multiplication can be imple- 
mented by either unipolar proportioning of an AC reference or 
bipolar proportioning of a unipolar DC reference. The use of 
external reference and amplifier circuitry allows the maximum 
flexibility for supply levels and signal processing levels. For exam- 
ple, the maximum reference and output levels are determined by 
the amplifiers selected and their output voltage swing capability 
with respect to power supply levels. Series 7545 can be used with 
a wide range of supplies to accommodate TTL or CMOS system 
standard supply levels where the digital and analog subsystem 
operate on different supplies 
Series 7545 typically reqer 
tion, making it an idee! Choice fur Operehon with low pow: 
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Figure 1. Series 7545 Block Diagram 


external amplifiers in battery powered, portable instrumentation 
applications: 

Series 7546 allows higher system density by providing a complete 
general purpose converter which contains a 10 volt DC reference 
and the op amp and feedback circuitry to achieve up to 5 mA of 
output drive capability without the addition of other external 
components. 

The complete general purpose converter also eases the design 
and manufacturing task by incorporating preadjusted zero offset 
for the output buffer amplifier, the biasing amplifier for bipolar 
operation and, also, the internal reference. Each is precisely pre- 
trimmed to guarantee initial tolerances which will satisfy most 
applications, although external adjustment is possible, if required. 
Series 7546 can also utilize the wide variety of supply levels antic- 
ipated for most digital systems applications utilizing a combina- 
tion of CMOS or TTL and analog interface sections. 


Series 7545 Operation 

As shown in Figure 1, the input voltage, Vrer, is applied to a 20K 
binary weighted, R-2R ladder. Each 2R leg is connected to a pair 
of N-channel, MOS transistors. These transistors switch the binary 
weighted currents that flow in each 2R leg to either the 101 bus 
(logic “1” input) or to the 102 bus (logic “0” input). Normal opera- 
tion requires operational amplifiers at 101 and 102 which maintain 
these nodes at ground or virtual ground potential. 


Internal Compensation 

The “on” resistance of the MOS transistor switches are binary 
weighted with the MSB set at 25 ohms. The linearity of the DAC 
is dependent upon the ratio accuracies of the switch resistances 
and not upon their absolute values. Excellent switch ratio toler- 
ances account for small linearity errors even over the operating 
temperature range of the DAC. Also, the low power density in 


the switching transistors eliminates transient thermal gradients 
normally encountered with bipolar current switches. 

Feedback gain compensation for switch resistance is provided by 
an “on” switch in series with the internal “R’ feedback resistor. 
This compensation transistor reduces gain drift errors to less than 
2p/10°/°C and provides outstanding power supply rejection. 

A second compensation transistor (unique to Series 7545 and 7546) 
compensates the R-2R ladder terminating resistor. 


Digital Inputs 

The input buffer register is divided into a 4-bit shift register that 
controls the four MSB’s and an 8-bit shift register that controls 
the eight LSB’s. A serial/parallel control line (S/P) allows data to 
be applied to the serial input through SRI or the parallel inputs, 
DBO-DB11. Separate enable lines (HBE and LBE) are provided for 
these registers. In the parallel mode when S/P is logic “0”, data bits 
DB11 through DBB8 will enter the input register when HBE is set to 
a logic “1. Data inputs DBO through DB7 will enter their input 
buffer register when LBE is set to logic “1”. This arrangement 
allows sequentia! loading of a 2-byte, 12-bit word from a single 
8-bit data bus. 

In the serial mode when S/P is logic ‘1’, serial data appearing at 
the serial input (SRI) will be clocked into the input register on the 
positive transition of a pulse train applied simultaneously to 
HBE and LBE. The serial data in the input buffer can be recovered 
from the serial output pin, SRO. 

All logic inputs are provided with level shifters that operate from 
Vcc. All digital inputs are compatible with TTL logic levels when 
Vec is connected to —5V and CMOS levels when Voc is connected 
to a CMOS supply (see operating limits). 


Table 1—Series 7545 Performance Specifications (Note 1) 


Parameter 


Converter 
Transfer 
Characteristics 


Analog 
Output 
Characteristics 


Reference 
Characteristics 


Resolution 
Non-linearity 


Differential Non-linearity 
Inital Gain Setting 


Gain Setting 
Tempco 


Reference Feedthrough 
Settling Time 

Output Leakage 7545C 
Current (101, 102) 7545M 


Output 


OC <Te< +70°C 
=55°C < Te < +125°C 


= 
oC <Tc = +70°C 
= 
= 


= 
= 


Capacitance 
(at 101, 102) 


Input Voltage Range 

Input Resistance 

TTL Logic 

Levels 

(Note 4) healin 


All Data Bits High 
ta 
| 


< < 
—55°C = Te <= +125°C 


‘~ Parallel Data & Serial 8-Bit Word 


- tDW 
Piss Data Hol 
Characteristics Pulse Width 
AW Serial Data 12-Bit Word Po 
me Data Setup 
Pulse Wiath 

Voe= 


\.__ Serial Clock Frequency 
Power Supply Vcc, Vpp Current 


Characteristics “Vee, Vop Supply Rejecion 


T Operating Temp. Worst Case Limits Apply 
ace Range Worst Case Limits Apply 


Storage Temp. Range Non-operating 


Notes: (7545) 

1. Unless otherwise specified, performance guarantees apply for +10V < Vpp < +15V, +5V < Vcc < Vppand Vpagp = +10V and speci- 
fications for 7545C apply over O°C < Tc < +70°C and for 7545M over —55°C < Tc < 4125°C. 

2. The Internal feedback resistor, R (FB1 at pin 14) has been laser pre-trimmed to establish the proper gain ratio against the ladder 
impedance “R.” . 

3. The output settling time for the multiplying configuration is almost entirely dependent on the external amplifier selected. The speci- 
fication shown is for the output current 101 for an FSR step settling to within 0.01% FSR. 

4. Threshold levels shown are for TTL logic levels. For different Vcc levels typical in CMOS systems, see Figure 3. 
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Figure 3. Logic Levels 


Terminology 


Differential Linearity is the difference between the actual output 
and the theoretical output between any two adjacent steps in 
the transfer function. 

Gain is the ratio of the full scale range (FSR) to Vpgr after the 
zero output error has been removed. 

Gain Drift is the maximum change in gain at the temperature 
end points with respect to the +25°C value, divided by the cor- 
responding temperature change expressed in parts per million 
of full scale range (p/10°/°C). 

Non-Linearity is the deviation of the analog output from a straight 
line drawn between the two end points (all bit ON and all 
bits OFF). 

Offset Drift is the maximum change in offset voltage at the tem- 
perature end points with respect to the + 25°C value, divided by 
the corresponding temperature change expressed in parts per 
million of full scale range (p/10°/°C). 

Settling Time is the total time (including slew time) for the output 
to settle to within the error band (0.01% FSR) about its value 
following an input change. 

FSR is full scale range—FSR = 10V for unipolar 0 to —10V output, 
FSR = 20V for bipolar +10V to —10V output. 


Digital Input Codes (7545 and 7546) 


’ The digital input codes for Series 7545 and 7546 D-to-A Converters 


are natural binary code. The MSB has a weight of (2-"), and second 
bit has a weight of (2-2), and so forth down to the LSB, which has 
a weight of 2-% Table II! below shows the full-scale, half-scale 
and zero codes, and their respective analog outputs for both 
unipolar output and bipolar output. 


Table Hl—Series 7545 and 7546 Digital Input Codes. 
(Veer = +10,000V) 


Terminal Designations 


AGND Analog Ground (see Power Supply Considerations). 

DBO-DB11_ Input Data Bits. 

DGND Digital Ground (see Power Supply Considerations). 

FB1,2,3, Feedback Resistors (see Figures 1 and 2). 

GUARD — Ground Plane (see Power Supply Considerations). 

HBE *High Byte Enable—In the parallel mode data at DB8 
through DB11 is transferred into the input register 
when HBE reaches logic “1”. In the serial mode, HBE 
is tied to LBE and is used to clock serial data into the 
input register. 

101,2 Current output buses normally at ground or virtual 
ground. 

LBE *Low Byte Enable—In the parallel mode data at DBO 
through DB7 is transferred into the input register 
when LBE reaches logic “1”. In the serial mode, LBE 
is tied to HBE and is used to clock serial data into the 
input register. 

LDAC *Load DAC—Logic “1’’ at LDAC transfers data from 
the input register to the holding register to update 
the DAC output. 

OUTPUT = Converter Voltage Output (7546 only). 

RADJ Reference Adjust (see Applications Section). 

REF(10V) =‘ Internal Reference Output (7546 only) normally con- 
nected to Vere reference input. 

S/P Serial/Parallel Control—Set at logic ‘1’ for serial 
operation and logic 0” for parallel operation. 

SRI Serial Register Input. 

SRO Serial Register Output. 

SUM Output amplifier summing junction (7546 only). 

18 Truncate 8 allows 8-bit serial words to enter the eight 


most significant bit locations bypassing the four least 
significant bit locations. Set T8 at logic “0"’ for 8-bit 
serial operation. Also, DBO through DB3 must be 
held at logic “0” during 8-bit operation. For 12-bit 
operation set T8 at logic “1”. 


“In parallel operation, LDAC, HBE and LBE can either be controlled by system timing 
or permanently wired to logic 1’ to allowcontinuous parallel updating. 


Maximum Ratings (7545 and 7546) 


VREFIOIGND:  Sicpacniet onctnads.<tteamis oa. alah ausiaray eens +25V 
VO DtO: GND ssciiseiiesareemee neanuage aa ndengeamneuniauedule +17V 
VCCtOGND 2... c cece ect tent e neon e een nn ees +17V 
VECtOVOD vitesse crete teen eee eee e enn n een eee nes +0.4V 
TOD SIOD! star cerics x are.g nieve fanciers vee ayproveeonh Some Habades d auspeRemeONE +5mA 
I01to GND; 102toGND .... eee ee eee eee — 300 mV to Vpp 
Operating Temperature Range .........-...- —55°C to +.125°C 
Storage Temperature Range ........-.-.5-6 — 65°C to +150°C 
Digital Input Voltage Range ..........--+.eeeeeeee Vpp te GND 


Operation Cautions 

1. Do not apply voltages higher than Vcc to SRO. 

2. Do not apply voltages higher than Vpp or Jess than — 300 mV 
with respect to GND to any other input/output terminal except 
VREF, FB1 or FB2. 

3. The digital control inputs are zener protected; however, per- 
manent damage may occur on unconnected units under high 
energy electrostatic fields. Store units in conductive foam. 

4. Vcc should never exceed Vpp by more than 0.4V. 

5. Unused inputs should be grounded or connected to Vcc. 

6. A50 ohm resistor should be connected in series with Vpp next 

to the decoupling capacitor, thus protecting the device during 


~ power on sequencing. 


M Digital L Unipolar Configuration Bipolar Configuration 

Ss Input S Output Output Output Output 

B _(DB11-DB0) B (Fig. 7, 9) (V) (Fig. 8, 11) (V) 
pietieh es eek wy, —V per (1.0-27 12) —9.9976 

PATI ~Vprr (0.5—27 14) — 4.9976 —Vpep (2-1) ~ 0.00488 | 

000000000001 —Vpep (27 7) — 0.00244 . -Vpgp (1-2 1) 9.9952 

000000000000 0 0 +VReF = 10 | 


Power Supply Considerations 

Significant improvement in high frequency noise rejection will 
result if individual converter circuits are decoupled from the 
power supply with small R-C networks. These should be located 
as close to the circuit as practical. Separate digital and analog 
ground returns designated DGND and AGND respectively, are 
ovided so that noisy ground currents, normally associated with 
gital circuits can be separately returned to the system power 
supply ground. Both AGND and DGND must be connected to a 
common ground potentia! within the system. The converter will 
perform within specification with up to +0.5V between the 
two grounds. 

A separate ground plane built into the DAC (GUARD) may be 
used to reduce leakage currents and feedthrough capacitance. 
It is recommended that this be connected to the analog ground 
(AGND) in most system applications. 

Protective diodes shown in the application diagrams protect the 
device against voltage transients during power “on” and “off” 
sequencing. If Vcc and Vpp are derived from a common supply 
and the device’s Absolute Maximum Ratings are strictly adhered 
to, these protective measures may be omitted. 


12-Bit Parallel Loading (7545 and 7546) 

The logic connections for loading 12-bit parallel data into the 
input register is shown in Figure 4. Data is transferred from the 
input buffer register to the holding register when the update 
line, LDAC is logic “1”. (LDAC is a level-actuated function and 
must be held “high” at least 500 nanoseconds for proper data 
transfer to occur). When data is stable on the parallel inputs (DBO- 
DB12), it can be transferred on the positive edge of the enable 
pulse (logic “1” applied to HBE and LBE simultaneously for 500 ns 
min.). If LDAC is logic “0”, the contents of the holding register 
are unaffected by the signals appearing on the data bit inputs. 
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Figure 4. 12-Bit Parallel Loading 


Two Byte Parallel Loading (7545 and 7546) 

The configuration for two-byte loading of parallel data from a 
data bus is shown in Figure 5. As shown in the timing diagram, 
the Jeast significant data byte (DBO-DB7) is loaded into the input 
buffer register on the positive transition of LBE. When the most 
significant data byte (DB8-DB11) is available on the bus, the input 
buffer register is loaded on the positive edge of HBE. Data is 
transferred from the input buffer register to the holding register 
when the DAC update line LDAC is logic “1”. 


erial Data Input Loading (7545 and 7546) 

e connection and timing diagrams for serial loading are shown 
in Figure 6. Either an 8-bit or a 12-bit word may be loaded into 
the input register at SRI. If T8 is held to logic “0”, the four least 
significant input latches in the input register are bypassed to 
provide serial loading of eight-bit words into the eight most 
significant bit locations. If T8 is held to a logic “1”, the DAC will 
accept a 12-bit serial! word. When loading a 12-bit word, exactly 


12 positive edges of the clock are required at HBE and LBE to | 
load serial data into the input register. Only 8 positive edges 
of the clock are required for an 8-bit word. 

The serial data in the input buffer can be recovered from the serial 
output pin, SRO. The first bit loaded into the input register will 
appear at the shift register output, (SRO) either on the 12th posi- 
tive clock edge (T8 = ‘’1") or on the 8th positive clock edge (T8 = 
“0"), S/P must be held at logic “1” for serial operation. 
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(b) Timing Diagram 
Figure 5. Two Byte Parallel Loading (7545 and 7546) 
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(b) Timing Diagram for 12-Bit Word 


Figure 6. Serial Data Input Loading 


Unipolar Operation (7545) Unipolar Operation (7546) 


Figure 7 shows the circuit configuration for 7545 unipolar opera- The 7546 general purpose converter includes the output buffer 
tion (OV to — 10V). A protective diode is shown across the amplifier amplifiers Al and A2 and an internal precision +10V reference. 
input which limits the amount of voltage which can appear across Each amplifier has been individually laser preadjusted for zero 
the terminals 101 to ground during power turn-on or turn-off. offset at +25°C. The feedback resistors (FB1, FB2 and FB3) have 
Note that 102 is connected to anabog ground (AGND). Both DGND also been ratio matched to meet the gain tolerances specified. 
and AGND must be tied to a common ground somewhere in Additional adjustment may be accomplished as shown in Figure 9 
the system. for unipolar operation. 

The specific zero offset circuit will be determined by the external 1. Zero Offset Adjustment—The DAC output can be adjusted to | 
amplifier selected. If a summing node approach is required, typi- read precisely zero for a code of 000000000000 by adjusting 
cal component values are shown in Figure 9. If a fast output ampli- the summing current into or out of the summing junction 
fier is used, the feedback capacitor C1 is used to compensate (SUM) as shown. 

for summing node capacitance. 2. Gain Adjustment—Set all bits to “1” and adjust the reference 
The Zero Offset and Gain adjustments should be performed in potentiometer until the DAC output reads —0.9976V. 


the following order. 

1. Zero Offset Adjustment—Adjust the amplifier output to zero 
(within +0.5 mV). (A zero offset appearing at the summing CRI CR2 
junction (101) will produce a gain error, therefore, the output +15V om 
should be set to zero by a method that will also set the sum- 
ming junction voltage to zero.) 

2. Gain Adjustment—Set R1 and R2 to zero ohms. Set DBO-DB11 
to logic 1". If the output is greater than the required full 
scale value increase R1. If the output is less than the required 
full scale value increase R2. 


DAC 
-15V © OUTPUT | 

0 +15V 
CRI CR2 ZERO 


DAC 
OUTPUT 


Figure 7. Unipolar Operation 


Figure 9. Unipolar Operation Utilizing Internal | 

Bipolar Operation (7545) MOWIRelerense 

Figure 8 shows the circuit configuration for Series 7545 bipolar 

operation. Protective diodes and the feedback compensation 

Capacitor are shown. 

1. Zero Offset Adjustment—Adjust the offset of amplifiers A1 
and A2 to zero. (A zero offset appearing at the summing junc- 


Unipolar Two Quadrant Multiplying DAC (7546) 

Series 7546 can utilize an external AC reference to accomplish 
two quadrant multiplication (bipolar reference x unipolar digital 
input) as shown in Figure 10. 


Figure 10. Unipolar Two Quadrant Multiplying DAC 


tion will produce a gain error, therefore, the outputs should be 1. Gain Adjustment—Set DBO to DB11 to all ““0’s” and set R1 and 
set to zero by a method that will also set the summing junctions R2 to zero ohms. If the DAC output voltage is greater than 
to zero.) +Vrper, increase R1 until it reads precisely +Vper. If the DAC 

2. Gain Adjustment—Set the DAC register to all “0's”. Set R1 and output is less than +Vper, increase R2 until it reads precisely 
R2 to zero. If the DAC output is greater than +Vper, increase +Vrer. 
R2 until it reads +Vpgp. If the DAC output is less than + Veer, 
increase R1 until it reads +Veer. This assumes that reference : - o Vcc 
adjustment which would otherwise be preferred is not 
possible. 
Note that the bipolar gain resistors at FB2 and FB3 are precisely 
preset internal thin film resistors and their specification impact +15V 0 5 DAC 
is included in the limits for “Gain Setting.” OUTPUT OUTPUT 

Ve 
-15V c 
7 
Yoo wn — REFERENCE. F! = ae 
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| Figure 8. Bipolar Operation 


Bipolar Operation (7546) 

The circuit configuration for bipolar operation using the internal 

precision reference is shown in Figure 11. 

1. Zero Offset Adjustment—The DAC output can be adjusted 
to read precisely zero for a code of 100000000000 by adjusting 
the current into or out of the summing junction (SUM) as shown. 

2. Gain Adjustment—Set the DAC to all ‘0’s’’ and adjust the 

ie reference adjust potentiometer until the DAC output reads 
+10.000V. 
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Figure 11. Bipolar Operation Using Internal 
+10V Reference 
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Four Quadrant Multiplying DAC (7546) 

Series 7546 can operate as a four quadrant multiplier (bipolar 

digital input x bipolar reference) using an external reference 

as shown in Figure 12. 

1. Gain Adjustment—Set DBO to DB11 to all ‘0’s’’ and set R1 
and R2 to zero ohms. If the DAC output is greater than + Vrer, 
increase R1 until the output reads +Vper. If the DAC output 
is less than + Veer, increase R2 until it reads +Veper. 
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Figure 12, Four Quadrant Multiplying DAC 
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Specifications and Applications 
Information 


QUAD LED SEGMENT DRIVER — MC75491 
HEX LED DIGIT DRIVER — MC75492 


The MC75491 and MC75492 are designed to interface MOS logic 
to common cathode fight-emitting diode readouts in serially ad- 
dressed multi-digit displays. Using a segment address and digit scan 
LED drive method in a time multiplexing system results in a 
minimizing of the number of required drivers. 


e@ Low Input Current Requirement for MOS Compatibility 
@ Low Standby Power Drain 

e@ Source or Sink Current Capability of 50 mA for MC75491 
@ Sink Current Capability of 250 mA for MC75492 
e 
° 


Four High-Gain Darlington Drivers in a Single Package — MC75491 
Six High-Gain Darlington Drivers in a Single Package — MC75492 


MC75491 CIRCUIT SCHEMATIC ec 
(1/4 Circuit Shown) 


. TO OTHER 


~ DRIVERS 
OUTPUT ¢ 

See 

ce a ae 


MC75492 CIRCUIT SCHEMATIC 
(1/6 Circuit Shown) 
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CASE 646 


| ELEC 
CONNECTION DIAGRAMS | 
| Low 
(v 
MC75491 < 


Output 4 [7 | 
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MAXIMUM RATINGS (Tg = Oto +70°C unless otherwise noted.) 


MC75491, MC75492 


FE 
Pieper Voge (See Note?) Min 
[ conector Vorage (SeeNowes) ——SSSCSCSC~—CSCS ed 
Collector-to-Emitter Voltage | vce 


Continuous Collector Current (Each Collector) 
{All Collectors} 


Power Dissipation (Package Limitation} 
Ceramic and Plastic Dual! In-Line Packages 
Derate above Ta = +25°C 


Operating Temperature Range 
Storage Temperature Range 
Note 1. Vgg terminal voltage is with respect to any other device terminal. 


Note 2. With the exception of the inputs, the GND terminal must aiwavs be the most negative device voltage for proper operation. 
Note 3. Voltage values are with respect to GND terminal unless otherwise noted. 


ELECTRICAL CHARACTERISTICS (vVg¢g = 10 Vde. Ta = O10 +70°C unless otherwise noted.) 


MC75492 


YP 


+ 


cope] fee es ps ee 


Typ 


Low-Level Collector-to-Emitter Voltage 
(Vjn = 8.5 V thru 1.0k2,1oL = 50 mA, 
Ve =5.0V) 
Ta = +25°C 
Ta = 0 to +70°C 


High-Level Collector Current 
Vow = 10 V. Ve = 0, lin = 40 nA 
Vou = 10 V, Ve = 0. Vin = 0.7 V 


Low-Level Output Voltage 

(Vin = 6.5 V thru 1.0 k2, Ig, = 250 mA) 
Ta= +25°C 

Ta = Oto +70°C 


Vde 


High-Level Output Current 
Vou * 10 V, lin = 40 uA 
Vou = 10 V, Vin 7 O.5 V 


tnput Current at Maximum Input Voltage 
Vin = 10 V, loL = 20 mA 


Emitter Current — Reverse Bias 
tc = 0, Vin = 0,VE=5.0V 


Bias Supply Current (Vgg = 10 V} 


S 
alice: fee [ae foci 


Propagation Delay Time, High-to-Low Level 
Ry, = 2002. Vin = 45 V,C, = 18 pF. Ve=0 
RR, = 392, Vin = 7.5V,C, = 15 pF 
Propagation Delay Time, Low-to-High Level 
CL = 15 pF, Ve = 0, Ry = 200 2, Vip = 4.5 Vde 
CL = 15 pF. Ry = 392, Vipn= 7.5 Vde 


*To collector output. 
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| DIP RESISTOR NETWORKS 


760 SERIES 16 LEAD DUAL-IN-LINE CERMMET RESISTOR NETWORKS 


Resistance 
Range & Tol. 


Power Rating 
' [¥atts) 


T3_ 3. erie 51.20] 5 95 [5 | 
= 7614.4 6Pin Moduleon | -. 175 @ 70°C +100 [a5 
ys = ee : .100” x 300” Cermet 220-220KQ*+-2% per module 4 ppm/°C |. 38] 70; 
rae -. 761-5" DIP Centers 23 gE 4 Upical 1.88) 1.34 
FEATURES: 


© Lew cest autcmatec insertion and handling 
* High overleaé cazabilities 


i 
Low hecght profile 
be + Package compatibility with monctithic packages 
© 1007 lead spacung 
16 Pin STANDARD “OFF THE SHELF’ PART NUAABERS* 
Resistance Value, 16 Pin one : 
GEN. TOU - o18 : Fe Tolerance _ 8 Resistor 
761-3-R22Q 
76}-3-R47Q 
761-3-R519 ib 
- “" _ 761-1-R560 - : 
ie a on ae eR: 761-3-R622 a See 
761-3-R689 761-1-P580 .* 
a se SR SR SR Se 76}-3-R1002 
761-3-R1100 ane? Sea 
761-3-R1502 761-1-R1502° 2” 
pS eS a a ST a = 76}-3-R1802 — 761-1-R180Q° - 
761-3-R2202 « _ _ 761-1-R2202 * 
761-3-R2400 761-1-R2402— 
' 16 Pin-8 Resistors ia se eel 
am i 761-3-R3002 761-1-R300Q =” 
a Part Number 761-3-R-+ value 76)-3-R3302 761-3-R3302 - 
1 APPLICATIONS: “‘Wited OR pull-up; Power Griver pull-up, Power gate =< 2 761-1-R3302— 
pull-up; Line termination; Long-line impedance balancing; LED cutrent 76)-3-R4702 — ag 761-1-RA70Q * 
limiting; ECL output pull-down reststors: TTL input pull-down - ~. 761-3-R5002 
- _ 761-1-R5100 
761-3-R5602 761-2-R560Q° | 
‘ 761-3-R6802 761-1-R680Q.. ~ 
761-3-R8202 te abet 
76)-3-RIKQ _ 761-1-RIKQ > 
761-3-R1.5KQ 761-1-R1.SKQ 
761-3-R2KQ 361-1-R2KQ27 .. 
76]-3-R2.2K9 _ 761-1-R22K9 *. 
761-3-R2.4KQ See att 
- 761-1-R3KG~ 
76)-3-R3.3KQ2 761-3-R3.3KQ 
761-3-R4.7KQ - _, 761-1- RIK” 
761-3-R5.1KQ oem 76Y-2- REIKO 
16 Pin-15 Resistors oat, a 
761-3-R5.6KQ 761-1-RS.6KQ = 
Pai Rho Valve 761-3-R6KQ * 761-1-RSKa > 
APPLICATIONS: MOS/ROM putl-up/pull-down; Open collector pull-up; ‘Wired 761-3-R6.8KN 761-1-FE.8KQ . 
OR” pull-up; Power driver pull-up; High speed paralle!t pull-up; TTL unused 761-3-R8.2KQ a 
gate pull-up; TTL enput pull-down; Digital pulse squaring. 761-3-RIOK2 76)-1-R10KQ 
761-3-R)2KQ _” 761-1-RISKQ .- 
761-3-R22KQ 761-3-R22KQ . | 
76}-3-R24KQ ent a oe 
761-p-R27KQ ge Tee 
761-3-R33KQ2 761-1-R33KQ 
761-3-R47KQ 76)-1-R47KQO 
761-3-RS6KQ 761-1-R56KQ 
76}-°3-R68K2 761-1-RC&KD 
761-3-R100KQ 761-1-RJOOKY 


16 Pun-28 Resistors 
Part Number 761-5-R+values 


Pulse Squaring TTL Termirators 


761-3-RISOK 
76)-3-R220K2 


761-)-R1S0KQ 


Le. 761-1-R220KQ - 


*WOTE: AgéHieral reskiance velvet ore constantly belng added. Please contact your 
focal CTS Industrial Distributor to check availability of values not shown above. 


~ Resistance 
Values 
RIRZ 


Part Numbers 


Resistance 
Values 
R1, R2 


Part Numters 


1200 3302 7€1-5-RJ85 390 


3302: 62802 


761-5 R320 E89 


\ cis Mae networbs Comsest of feo resistor cars of the above vatue combina- 3902-1K 761-5-RiSO1K 39282432 761-$ R252 432 
toons. The resestors are connected tcgether mm semes with a common Ine « 5. : ope SRE 
forgone! ang cet ine fo loun. The yston of each ea Begs ees es deen 

fcoghl out per mangl, a 5 os : 
Drcekntioul Tova serarete tereing 3300 3999 7€1-5-£330. 390 1.5K 3.3K 761-5-R1.5R 3.3K 


Other comtisz2trors asailetie upon request 


8 X 8 BIT PARA MULTIPLIER 


The MPY-8HJ multiplier is a high speed, TTL LS! 
device. It is a parallel two’s complement multiplier with 
double precision output. It can be plugged into an MPY- 
8AJ socket, and be functionally equivalent. However, 
this newer multiplier has positive setup and zero hold 
times, which reduces system clocking complexity in many 
applications. Also, the RND control is now a registered 
input, making its timing and usage more convenient. 


Four input/output registers are used in the MPY- 
8HJ multipliers. These registers are D-type flip-flops with 
a single phase TTL clock. 


Applications for the MPY-8HJ multipliers include 
digital processing and high speed multiplication for fast, 
nonrecursive filters. They are ideal for extending the 
capabilities of mini/microcomputers, pesmitting hardware 
multiplication for increased computational speed, and are 
particularly useful for video processing. 


FEATURES 
8-by-8 parallel, two’s complement multiplier 
Double precision product 
65 nsec typical multiply time (MPY-8HJ) 
45 nsec typical multiply time (MPY-8HJ-1) 
Much lower power than MS! equivalent multipliers 


Includes 
registers 


input/output positive edge-triggered 


Single chip, bipolar technology 
Single bus or multiport operation 
Radiation hard 

TTL input and output 

Three state outputs 

Single power supply, +5V 

40 pin dual in-line package 

Pin compatible with MPY-8AJ 
Zero hold time on input registers 


MPY—8HJ LOGICAL BLOCK DIAGRAM 


X REGISTER 


ASYNCHRONOUS 
MULTIPLIER 
ARRAY 


LSP REGISTER 


c 
Ww 
= 
2 
Oo 
w 
c 
> 


MSP REGISTER 


t 1 


Vcc GND 


CONTROLS 


(Positive logic unless otherwise noted) 
CLK X — X|N Register Clock 


CLK Y — Y|n Register Clock 

CLK P — Product Registers Clock 
TRIL — LSP Three-State Control, 
TRIM — MSP Three-State Control, 
LOGIC 0 = Enable, LOGIC 1 = Disable 


RND (LOGIC 1) — Adds 2°8 to product (fractional 
two’s complement field — See Page 5 for 1/O Format) 


RND Latch is strobed by (CLK X or CLK Y) 


=] PACKAGE INFORMATION 


Ps 1 P4 
| Pe 2 P3 | END VIEW 
Py 3 P2 eae |e 
| CLKP 4 Py | ‘e > 0.090 
TRIM §5& PsGn (MSP) | i | | 
| . Lyte . vSGN 0.011+ 0.001 
SGN 7 1 Fs 
| Pp 8 Y> = THERMAL 
| ro 9 GND | oni CHARACTERISTICS 
10 10 Y3 Fi fo) 
2.000 OcalStill air) = 25°C/W 
| Pay (11 Vec | SIDE VIEW on 
| P42 12 Yo | 8ca(300 cfm) = 15°C/W 
| P43 at bi 
Pia 14 6 | 
X7 15 ‘7 0.125 MIN 
| X— 16 RND | o.100-——! = | 
oe v7 opp 0.017 + 0.002 
| X4 18 CLK x | nee ney 
| x3 19 XSGN 
X2 20 x4 | 


TOP VIEW 
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NOTE 
DIMENSIONS IN INCHES 


LS! MPY, HJ SERIES 
GENERAL SPECIFICATIONS 


8 Absolute maximum ratings (above which the useful Part Numbers 
life may be impaired) Commercial Military 
SUPDIVVOltaGe ovsesiveiscense: syarwnsine moe vie cheusherecoreerere & -0.5 to 7.0 V MPY-8HJ MPY-8HJM 
INDUR Voltage: acs eres se oe eres, Seas Sess wet O0t05.5V MPY-8HJ-1 = 
OUutHut Voltage. evavc cceoscacoierars Ataete G1 Rw aeereeate Sientas. s ay to 5.5V Me ry es ae 
Operating temperature range (Tcase).............. -55°C to 125°C 5 
Storage temperature range...........-2.000000. -65°C to 150°C MPY-24HJ MPY-241JM 
Lead temperature (10 seconds) ............0-.. eee e eee 300°C 
JUNCTION temperature scence ecciewseeieders wena e- aie Gis Weeuarwrs 175°C 


Recommended operating conditions 


High-evel output current, low 

Low-4evel output current, lor 

Clock pulse width, tp, (measured at 1.5 V level) 
Input register setup time, ty (see Figure 6) 

Input register hold time, ty (see Figure 6) 


Operating temperature (Te for commercial, Teacg 


Low4evel output voltage Vo = MIN Jot = 
High4evel input current Ve = MAX Vin 
/ Clocks*, three-states— = 
. high level input current Ve MAX Va 
1 Clocks*, three-states— 
' IL tow level input current 


"NOTE: Clock P is two equivatent clock loads. 


Switching characteristics across Vcc and temperature ranges Sac ae as otherwise noted) 


PARAMETER TEST CONDITIONS COMMERCIAL beh UNIT 


sii : sal ae = en eee Le 


Three state output delay 
Output enable, tena. 
TRW/.s1 propucts 
3 


Load 2 (see Figure 5) 
Output disable, tp1s 


**NOTE: At Vcc = 5.0 V, Ta = 25°C. 


e 


‘ me ete 


omen — <n 


LSI MPY, HJ SERIES 
GENERAL INFORMATION 


SD OUTPUT 


1 ' 
25 50 
°c AMBIENT 


o ! | ! 
-25 ° 25 50 75 100 125 
°c AMBIENT 


gure 3. Typical Setup Time Figure 4. Typical Three-State Delay, Output Delay 


THREE-STATE DELAY LOAD 


NORMAL LOAD 


IN3062 


— 


Figure 5. Test Loads for Delay Measurements 


SOCKET INFORMATION 


Excel 800B-003-64 
Cambion 703-4064-01-04-12 
Robinson Nugent ICN-649-S5-G 


Textool 232-2601-00-0605 
(2 Required) 


Excel 800B-003-40 
Cambion 703-4040-01-04-12 
Robinson Nugent ICN-406-S5-G 
Textool 240-3346-00-0605 


Wire wrap 


Solder tail-tin plate 


Solder tail-gold plate 


Zero insertion force 


TR WV/1s1 propucts 
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Loi VIULETIFLIENS 4H) SERIES 


N X N BIT PARALLEL MULTIPLIERS, N =8, 12, 16, or 24 
COMMERCIAL/MILITARY TEMPERATURE RANGES 
PRELIMINARY 


ira. 


a eT 


ap 


The MPY LSI multipliers are high speed, TTL LSI 
devices. They are n-by-n parallel array multipliers with 
double precision outputs. Their low power and high 
performance characteristics are the result of a proven 
method developed and patented by TRW (U.S. Patent No. 
3,900,724). Fundamental TTL devices used to produce 
the MPY-LSI were also developed and patented by TRW 
(U.S. Patent No. 3,283,170). The major multiplier array 
logic achieves speed-power performance of less than 
1 picojoule per equivalent gate. 


Four input/output registers are used in the MPY LS! 
multipliers. These registers are D-type flip-flops with a 
single phase TTL clock. 

Applications for MPY LSI multipliers include digi- 
tal processing and high speed multiplication for fast 
Fourier transforms. They are ideal for extending the 
capabilities of mini/microcomputers, permitting hard- 
ware multiplication for increased computational speed. 


They have a better than 2-to-1 speed-power improve- 
ment over the MPY AJ series multipliers. 


FEATURES 


e@ n-by-n parallel array multiplier, n = 8, 12, 16, 
or 24 


e Double precision product 
e 45 to 200 nsec typical multiply time 


e Much lower power/less space than MSI equiva- 
lent multipliers 


e Includes input/output registers 

e Single chip, bipolar TTL technology 
e Single bus or multiport operation 

e Radiation hard 

e Three-state outputs 


e Single power supply, +5V 


MPY—8HJ 


MPY—12HJ, MPY—16HJ, and MPY—24HJ 


NEW FEATURES OF HJ SERIES 
Higher speed/lower power 


Zero-nanosecond register hold time ‘ 


Two’s complement, unsigned magnitude, or mixed- 
mode multipliers (all except MPY-8HJ) 


Easily expandable for larger array multiplication 


Worst case specs across full voltage and tempera 
ture ranges 


Controllable, transparent product registers (all except 
MPY-8HJ) 


Shift/normalize product capability (MPY-24HJ) 


Pin-compatible with AJ series multipliers 


TREV1s1 propucts 


P.O. BOX 1125, REDONDO BEACH, CALIFORNIA 90278 
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44 Proprietary 


General Description 


These devices Srovide eight, two-input buffers in each 
package. All employ the newest low power-Schottky TTL 

“technology. One of the two inputs to each buffer is_ 

~ used as a control line to gate the output into the high- 
impedance state, while the other input passes the data 
through the buffer. The 95 and 97 present true data 

_ at the outputs, while the 96 and 98 are inverting. On the 
95 and 96 versions, all eight TRI-STATE enable lines are 
common, with access through a 2-input NOR gate. On 
the 97 and 98 versions, four buffers are enabled from 
one common line, and the other four buffers are enabled 
from another common line. In all cases the outputs 
are placed in the TRI-STATE condition by applying a 
high logic tevel to the enable pins. These devices repre- 
sent octal, ‘low power-Schottky versions of the very 
popular DM70/8095, 96, 97, and 98 TRI-STATE hex 
buffers. 


* Connection Diagrams 


71LS97/81LS97(N) 


Truth Tables 
LS95 


INPUTS |] CUTPUT 
js 6 a} 


TRI-STATE Octal Buffers 
Features Mien ans bs | 


= Octal versions of popular DM8095, 8096, 8097, 
8098 ‘ 


® Typical-power dissipation 
LS95, LS97 
LS96, LS98B 

® Typical propagation delay 
LS95, LS97 
LS96, LS98 


® Low power-Schottky, TRI-STATE technology 


71LS98/81LS98(N) 


ourraT 


Lss8 
OUTPUT 
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44 Proprietary 


PARAMETER LS95, LS96, LSS7, LS98 | LS95, LS96, LS97, LS98 | UNITS 


MIN TYP(1) MAX {| MIN TYP(1) MAX 


General 


These de 
length; a 
2) word | 
input ove 
logic feve 
Parison ¢ 
accompli: 


DM8200 


Vic= 0.BV N/A 


2 es 
4 Os 


0: 


Input Current at Maximum 
Input Voltage 


High Level Input Current 


Low Level Input Current Vv, =0.5V 
= Both G Inputs at 0.4V| V, = 0.4V Connec’ 


{1) All typical values are at Vcc = 5V. Ta = 25°C. 
(2) Not more than one output should be shorted ata time, and duration of the short circuit should not exceed one second. 


Py RR en ee. emery 


Switching Characteristics Voc = 5V. T, = 25°C 


DM71LS/81LS 
PARAMETER CONDITIONS LS95, LS97 LS96, LS98 
IN TYP MIN tT 
6 


M MAX 


YP MAX 
Propagation Delay Time, 10 
Low-to-High Level Output 

13 7 

17 27 


| 
High-to-Low Level Output C, = 15pF,R, = 2k2 
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intel , 
“aie 279-5 
PROGRAMMABLE KEYBOARDIDISPLAY INTERFACE ~ 


= MCS-85™ Compatible 8279-5 = Dual 8- or 16-Numerical Display 
a Simultaneous Keyboard Display ‘ : 
Operations = Single 16-Character Display 
= Scanned Keyboard Mode = Right or Left Entry 16-Byte Display 
RAM 


m= Scanned Sensor Mode 
a Strobed Input Entry Mode = Mode Programmable from CPU 
a 8-Character Keyboard FIFO 


a 2-Key Lockout or N-Key Rollover with 
Contact Debounce w Interrupt Output on Key Entry 


a Programmable Scan Timing 


The Intel® 8279 is a general purpose programmable keyboard and display I/O interface device designed for use wt 
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. 
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hal} effect ane 
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed », 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt Outpt 
line to the CPU. 


The display portion provides a scanned display interface for LED, incandescent, and other popular dispip, 
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The a7 
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU Bor 
right entry, calculator and left entry typewriter display formats are possible. Bath read and write of the display Raw 
can be done with auto-increment of the display RAM address. 


PIN CONFIGURATION LOGIC SYMBOL 
T ve 


PIN NAMES 


» eas - 
Ke 6 Rey tartan 


eve 4 Slo-SI 


CNTL/STB 


sioxf «aw *  RLo-RL: 


cru 4 
INTERFACE 


[enruaste [1 [ConTaoL StROBE iweuT | 
[OUT Ao | © | OISPLAY (Ai OUTPUTS 
[Ourtes | o [pismaviaourrurs | 
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jARDWARE DESCRIPTION 
ne 8279 is packaged in a 40 pin DIP. The following is 
i unctional description of each pin. 


oo Designation Function 


wa 
8 DBo-DB7 Bi-directional data bus. Ali data 
and commands between the 
CPU and the 8279 are trans- 
mitted on these lines. 


al Display 1 CLK Clock from system used to gen- 
erate internal timing. 
- 1 RESET A high signal on this pin resets 
isplay the 8279. After being reset the 
8279 is placed in the following 
mode: 
Byte Display 1) 16 8-bit character display 
—left entry. 
2) Encoded scan keyboard—2 
key lockout. 
from CPU Aone: with this the program 
clock prescaler is set to 31. 
iming 1 cs Chip Select. A low on this pin 
enables the interface functions 
fey Entry to receive or transmit. 
. 1 Ao Buffer Address. A high on this 
Le designed for use with ; line indicates the signals in or 
ontact key matrix. The ; out are interpreted as a com- 
ch as the hall effect ang mand or status. A low indicates 
ebounced and strobed in a that they are data. 
) set the interrupt output 2 RD, WR Input/Output read and write. 


These signals enable the data 
buffers to either send data to 
the external bus or receive it 

from the external bus. 
1 IRQ Interrupt Request. In a keyboard 
"mode, the interrupt line is high 
when there is data in the FIFO/ 
Sensor RAM. The interrupt line 
goes low with each FIFO/ 
Sensor RAM read and returns 
’ high if there is still informa- 
YMBS tion in the RAM. In a sensor 
Mec i mode, the interrupt line goes 
: high whenever a change,in a 


Gar er, | sensor is detected. 


2 Vss, Voc Ground and power supply pins. 
eset 4 SLo-SL3 Scan Lines which are used to 
SHIFT} ———_——— 5 scan the key switch or sensor 
; matrix and the display digits. 
; These lines can be either en- 
—— > coded (1 of 16) or decoded (1 of 


W other popular dispiay 
ple indicators. The 8279 
‘ogated by the CPU. Botr 
rite of the display RAW 


> ign 8 RLo-RL7 Return line inputs which are 
: connected to the scan lines 
through the keys or sensor 
; switches. They have active in- 
4 ternal pullups to keep them 
: high until a switch closure pulls 
one low. They also serve as an 
8-bit input in the Strobed input 

mode. : 


8279/6279-5 


1 SHIFT The shift input status is stored 
along with the key position on 
key closure in the Scanned 


» OF 
Pins Designation Function 
a 
Keyboard modes. It has an 
active internal pullup to keep it 
high until a switch closure pulls 
it low. 


1 CNTL/STB For keyboard modes this line is 
used as a control input and 
Stored like status on a key clo- 
sure. The line is also the strobe 
line that enters the data into the 
FIFO in the Strobed Input mode. 


(Rising Edge). It has an active 
internal pullup to keep it high 
until a switch closure pulls it 
low. 


4 OUT Ao-OUT A3_ These two ports are the outputs 

4 OUT Bo-OUT B3 for the 16 x 4 display refresh 
registers. The data from these 
outputs is synchronized to the 
scan lines (SLo-SL3) for multi- 
plexed digit displays. The two 4 
bit ports may be blanked inde- 
pendently. These two ports may 
also be considered as one 8 bit 
port. 


1 BD Blank Display. This output is 
used to blank the display during 
digit switching or by a display 
blanking command. 


PRINCIPLES OF OPERATION 


The following is a description of the major elements of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 1. 


VO Control and Data Buffers 


The I/O control section uses the GS, Ao, RD and WR lines 
to control data flow to and from the various internal 
registers and buffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, is identified by Ao. A logic one 
means the information is a command or status. A logic 
zero means the information is data. RD and WR determine 
the direction of data flow through.the Data Buffers. The 
Data Buffers are bi-directional buffers that connect the 
internal bus to the external bus. When the chip is not 
selected (CS = 1), the devices are in a high impedance 
state. The drivers input during WRe CS and output during 
RD © CS. 


Control and Timing Registers and Timing Control 
These registers store the keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes are programmed by presenting the proper 
command on the data lines with Ag = 1 and then sending 
a WR. The command is latched on the rising edge of WR. 
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FUNCTIONAL DESCRIPTION 


Since data input and display are an integral part of many 
microprocessor designs, the system designer needs an 
interface that can control these functions without placing 
a large load on the CPU. The 8279 provides this function 
for 8-bit microprocessors. 

The 8279 has two sections: keyboard and display. The 
keyboard section can interface to regular typewriter style 
keyboards or random toggle or thumb switches. The 
display section drives alphanumeric displays or a bank of 
indicator lights. Thus the CPU is relieved from scanning 
the keyboard or refreshing the display. 

The 8279 is designed to directly connect to the 
microprocessor bus. The CPU can program all operating 
modes for the 8279. These modes include: 


Input Modes 

¢ Scanned Keyboard — with encoded (8 x 8 key 
keyboard) or decoded (4 x 8 key keyboard) scan lines. 
A key depression generates a 6-bit encoding of key 
position. Position and shift and control status are 
stored in the FIFO. Keys are automatically debounced 
with 2-key lockout or N-key rollover. 


ee 


CLK RESET 
- 


El 


TIMING 
AND 
. CONTROL 


OUT Ag3 OUT Bo3 Lis) 


CONTROL AND 
TIMING 
REGISTERS 


| a ere ee — 
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¢ Scanned Sensor Matrix — with encoded (8 x 8 matrix 
switches) or decoded (4x 8 matrix switches) scan tines 
Key status (open or closed) stored in RAM addressable 
by CPU. : 

© Strobed Input — Data on return lines during contro 
line strobe is transferred to’ FIFO. 


Output Modes 
e 8or 16 character multiplexed displays that can be oy. 
ganized as dual 4-bit or single 8-bit (Bp = Do, Ag = Dy). 


© Right entry or left entry display formats. 


Other features of the 8279 include: 
® Mode programming from the CPU. 
© Clock Prescaler 


Interrupt output to signal CPU when there is keyboarg 
or sensor data available. 


e An 8 byte FIFO to store keyboard information. 


© 16 byte internal Display RAM for display refresh. Ths 
RAM can also be read by the CPU. 


080-7 AD WR CS A re) 


SCAN COUNTER 
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Display Address | 


‘me Display Addres 
®='0 Currently bein. 
2 4bit nibbles 
*dresses are progr, 
<4" De set to auto in 
“play RAM can be 
“rrect mode and ac 
3 B nibbles are ai 
ech data entry by 
reed independent 
td that is set by th 
™ Set 10 either |, 
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ats. 


there is keyboarg 


formation. 
play refresh. This 
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fhe command is then decoded and the appropriate 
tunction is set. The timing control contains the basic 
timing Counter chain. The first counter is a + N prescaler 
that can be programmed to yield an interna! frequency 
of 100 kHz which gives 25,1 ms keyboard scan time and 
a 10.3 ms debounce time. The other counters divide 
down the basic internal frequency to provide the proper 
key SCan, row scan, keyboard matrix scan, and display 
scan times. 


scan Counter 


The scan counter has two modes. In the encoded mode, 
tne counter provides a binary count that must be 
externally decoded to provide the scan fines for the 
xeyboard and display. In the decoded mode, the scan 
counter decodes the least significant 2 bits and providesa 
decoded 1 of 4 scan. Note than when the keyboard is in 
gecoded scan, so is the display. This means that only the 
first 4 Characters in the Display RAM are displayed. 


in the encoded mode, the scan lines are active high 
outputs. In the decoded mode, the scan lines are active 
iow outputs. é 


Return Buffers and Keyboard Debounce 

and Control 

The 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
looking for key closures in that row. If the debounce 
circuit detects a closed switch, it waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. tn the scanned 
Sensor Matrix modes, the contents of the return lines is 
awectly transferred to the corresponding row of the 
Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTL/STB line pulse. 


FIFO/Sensor RAM and Status 


This block is a dual function 8 x 8 RAM. In Keyboard or 
Strobed Input modes, it is a FIFO. Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty. Too many reads or writes will be recognized as an 
error. The status can be read by an RD with CS low and 
Ao high. The status logic also provides an IRQ signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode, the memory is a Sensor RAM. Each row of the 
Sensor RAM is loaded with the status of the correspond- 
ing row of sensor in the sensor matrix. In this mode, IRQ is 
high if a change in a sensor is detected. 


Display Address Registers and Display RAM 


The Display Address Registers hold the address of the 
“ord currently being written or read by the CPU and the 
‘wo 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
Display RAM can be directly read by the CPU after the 
correct mode and address is set. The addresses for the A 
and B nibbles are automatically updated by the 8279 to 
“atch data entry by the CPU. The A and B nibbles can be 
entered independently or as one word, according to the 
“ode that is set by the CPU. Data entry to the display can 
* set to either left or right entry. See Interface 


| Considerations for details. 


8-165 


8279/8279-5 


SOFTWARE OPERATION 


8279 commands 


The following commands program the 8279 operating 
modes. The commands are sent on the Data Bus with CS 
fow and Ao high and are loaded to the 8279 on the rising 
edge of WR. 


Keyboard/Display Mode Set 
MSB LSB 


code: [0 ]0 Jo Jo | [x [x] 


Where DD is the Display Mode and KKK is the Keyboard 
Mode. 


OD 

0 0 88-bit character display — Left entry 

0 1 16 8-bit character display — Left entry’ 
1 0 8 8-bit character display — Right entry 

1 1 16 8-bit character display — Right entry 


For description of right and left entry, see Interface 
Considerations. Note that when decoded scan is set in 
keyboard mode, the display is reduced to 4 characters 
independent of display mode set. 


KKK 

0 0 O- Encoded Scan Keyboard — 2 Key Lockout* 
0 0 1 Decoded Scan Keyboard — 2-Key Lockout 

0 1 0 Encoded Scan Keyboard — N-Key Rollover 
0 1 +1 + Decoded Scan Keyboard — N-Key Rollover 
1. 0 QO - Encoded Scan Sensor Matrix 

1 0 1 Decoded Scan Sensor Matrix 

1 1 0 Strobed Input, Encoded Display Scan 

1 1 1 = Strobed Input, Decoded Display Scan 


Program Clock 


code: [olo|sjrlelelelr 


All timing and multiplexing signals for the 8279 are 
generated by an internal prescaler. This prescafer 
divides the external clock (pin 3) by a programmable 
integer. Bits PPPPP determine the value of this integer 
which ranges from 2 to 31. Choosing a divisor that yields 
100 kHz will give the specified scan and debounce 
times. For instance, if Pin 3 of the 8279 is being clocked 
by a 2 MHz signal, PPPPP should be set to 10100 to 
divide the clock by 20 to yield the proper 100 kHz operat- 
ing frequency. 


Read FIFO/Sensor RAM 


Code: fo}afol af xfalafa] X= Don’t Care 


The CPU sets up the 8279 for a read of the FIFO/Sensor 
RAM by first writing this command. In the Scan Key- 


“Default after reset. 
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board Mode, the Auto-Increment flag (Al) and the RAM 
address bits (AAA) are irrelevant. The 8279 will automati- 
cally drive the data bus for each subsequent read (Ag = 0) 
in the same sequence in which the data first entered the 
FIFO. All subsequent reads will be from the FIFO until 
another command is issued. 


In the Sensor Matrix Mode, the RAM address bits AAA 
select one of the 8 rows of the Sensor RAM. If the Al flag 
is set (Al = 1), each successive read will be from the sub- 
sequent row of the sensor RAM. 


Read Display RAM 


code: [o] [1 farfalalala 


The CPU sets up the 8279 for a read of the Display RAM 
by first writing this command. The address bits AAAA 
select one of the 16 rows of the Display RAM. If the A! 
flag is set (Al= 1), this row address will be incremented 
after each following read or write to the Display RAM. 
Since the same counter is used for both reading and 
writing, this command sets the next read or write 
address and the sense of the Auto-Increment mode for 
both operations. 2 


Write Display RAM 


code [1[olojaijajalala 


The CPU sets up the 8279 for a write to the Display RAM 
by first writing this command. After writing the com- 
mand with Ap= 1, all subsequent writes with Ag=0 will 
be to the Display RAM. The addressing and Auto- 
Increment functions are identical to those for the Read 
Display RAM. However, this command does not affect 
the source of subsequent Data Reads; the CPU will read 
from whichever RAM (Display or FiFO/Sensor) which 
was last specified. If, indeed, the Display RAM was last 
specified, the Write Display RAM will, nevertheless, 
change the next Read location. 


Display Write Inhibit/Blanking 


A B A B 
coe: [i fo]e]x]w]w] er] et] 


The IW Bits can be used to mask nibble A and nibble B 
in applications requiring separate 4-bit display ports. By 
setting the IW flag (IW = 1) for one of the ports, the port 
becomes marked so that entries to the Display RAM 
from the CPU do not affect that port. Thus, if each nibble 
is input to a BCD decoder, the CPU may write a digit to 
the Display RAM without affecting the other digit being 
displayed. It is important to note that bit By corresponds 
to bit Dg on the CPU bus, and that bit A; corresponds to 
bit Dy. 


If the user wishes to blank the display, the BL flags are 
available for each nibble. The last Clear command issued 
determines the code to be used as a “blank.” This code 
defaults to all zeros after a reset. Note that both BL 
flags must be set to blank a display formatted with a 
single 8-bit port. 
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Clear 


code: [1] 1] 0] co] co [co] cr] en | 


The Cp bits are available in this command to Clear atl 
rows of the Display RAM to a selectable blanking code 
as follows: 

Cp Cp Cp 


Oo xX All Zeros (X = Don't Care) 
1 AB = Hex 20 (0010 0000) 
14 All Ones 


o 


Enable clear display when = 1 {or by Ca = 1) 
During the time the Display RAM is being cleared (~ 160 us), 
it may not be written to. The most significant bit of the 
FIFO status word is set during this time. When the Dis. 
play RAM becomes available again, it automatically 
resets. : 


If the Cr bit is asserted (C= 1), the FIFO status is 
cleared and the interrupt output line is reset. Also, the 
Sensor RAM pointer is set to row 0. 


Ca, the Clear All bit, has the combined effect of Cp and 
Cr; it uses the Cp clearing code on the Display RAM and 
also clears FIFO status. Furthermore, it resynchronizes 
the internal timing chain. 


End Interrupt/Error Mode Set 


Code: a Jats fe |x|x|x}x| X = Don't care. 


For the sensor matrix modes this command lowers the 
{RQ line and enables further writing into RAM. (The IRQ 
line would have been raised upon the detection of a 
change in a sensor vatue. This would have also inhibited 
further writing into the RAM until reset). 


For the N-key rollover mode — if the E bit is programmed 
to “1" the chip will operate in the special Error mode. (For 
further details, see Interface Considerations Section.) 


Status Word 


The status word contains the FIFO status, error, and 
display unavailable signals. This word is read by the CPU 
when Ao is high and CS and RD are low. See Interface 
Considerations for more detail on status word. 


Data Read 


Data is read when Ao, CS and RD are all low. The source 
of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of RD will cause the address 
of the RAM being read to be incremented if the Auto- 
increment fiag is set. FIFO reads always increment (if no 
error occurs) independent of Al. 


Data Write 


Data that is written with Ao, CS and WR low is always 
written to the Display RAM. The address is specified by the 
latest Read Display or Write Display command. Auto- 
incrementing on the rising edge of WR occurs if Al set by 
the latest display command. 
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INTERFACE CONSIDERATIONS 
Scanned Keyboard Mode, 2-Key Lockout 


There are three possible combinations of conditions 
that can occur during debounce scanning. Whena key is 
depressed, the debounce fogic is set. Other depressed 
keys are looked for during the next two scans. If none 
are encountered, it is a single key depression and the 
key position is entered into the FIFO along with the 
Status of CNTL and SHIFT lines. If the FIFO was empty, 
IRQ will be set to signal the CPU that there is an entry in 
the FIFO. If the FIFO was full, the key will not be entered 
and the error flag will be set. 1f another closed switch is 
encountered, no entry to the FIFO can occur. Hf all other 
keys are released before this one, then it will be entered 
to the FIFO. If this key is released before any other, it 
will be entirely ignored. A key is entered to the FIFO 
only once per depression, no matter how many keys 
were pressed along with it or in what order they were 
released. If two keys are depressed within the debounce 
cycle, it is a simultaneous depression. Neither key will 
be recognized until one key remains depressed alone. 
The fast key will be treated as a single key depression. 


Scanned Keyboard Mode, N-Key Rollover 


With N-key Rollover each key depression is treated 
independently from all others. When a key is depressed, 
the debounce circuit waits 2 keyboard scans and then 
checks to see if the key is still down. If it is, the key is 
entered into the FIFO. Any number of keys can be 
depressed and another can be recognized and entered 
into the FIFO. If a simultaneous depression occurs, the 
keys are recognized and entered according to the orde! 
the keyboard scan found them. : 


Scanned Keyboard — Special Error Modes 


For N-key rollover mode the user can program a special 
error mode. This is done by the “End Interrupt/Error Mode 
Set" command. The debounce cycle and key-validity 
check are as in normal N-key mode. if during a single 
debounce cycle, two keys are found depressed, this is 
considered a simultaneous multiple depression, and sets 
an error flag. This flag will prevent any further writing into 
the FIFO and will set interrupt (if not yet set). The error flag 
could be read in this mode by reading the FIFO STATUS 
word. (See “FIFO STATUS" for further details.) The error 
flag is reset by sending the normal CLEAR command with 
Cr = 1. 


Sensor Matrix Mode 

In Sensor Matrix mode, the debounce logic is inhibiied. 
The status of the sensor switch is inputted directly to the 
Sensor RAM. in this way the Sensor RAM keeps animage 
of the state of the switches in the sensor matrix. Although 
debouncing is not provided, this mode has the advantage 
that the CPU knows how long the sensor was closed and 
when it was released. A keyboard mode can only indicate 
a validated closure. To make the software easier, the 
designer should functionally group the sensors by row 
since this is the format in which the CPU will read them. 
The IRQ line goes high if any sensor value change is 
detected at the end of a sensor matrix scan. The IRQ lineis 
Cleared by the first data read operation if the Auto- 


increment flag is set to zero, or by the End Interrupt 
command if the Auto-Increment flag is set to one. 


Note: Multiple changes in the matrix Addressed by (SLo-3 
= 0) may cause multiple interrupts. (SLo =Oin the Decoded 
Mode). Reset may cause the 8279 to see multiple changes. 


Data Format 


In the Scanned Keyboard mode, the character entered 
into the FIFO corresponds to the position of the switch 
in the keyboard plus the status of the CNTL and SHIFT 
lines (non-inverted). CNTL is the MSB of the character 
and SHIFT is the next most significant bit. The next 
three bits are from the scan counter and indicate the 
row the key was found in. The last three bits are from the 
column counter and indicate to which return line the key 
was connected. 


MS8 LSB 


SCANNED KEYBOARD DATA FORMAT 


In Sensor Matrix mode, the data on the return lines is 
entered directly in the row of the Sensor RAM that 
corresponds to the row in the matrix being scanned. 
Therefore, each switch postion maps directly to a Sensor 
RAM position. The SHIFT and CNTL inputs are ignoredin 
this mode. Note that switches are not necessarily the only 
thing that can be connected to the return lines in this 
mode. Any logic that can be triggered by the scan lines 
can enter data to the return line inputs. Eight multiplexed 
input ports could be tied to the return lines and scanned by 
the 8279. 


MSB LSB 
mores [re] [ma] ne ne | 


tn Strobed Input mode, the data is also entered to the FIFO 
from the return lines. The data is entered by the rising 
edge of a CNTL/STB line pulse. Data can come from 
another encoded keyboard or simple switch matrix. The 


‘return lines can also be used asa general purpose strobed 


input. 


MSB LsB 


Olsplay 
Left Entry 


Left Entry mode is the simplest display format in that each 
display position directly corresponds to a byte (or nibble) 
in the Display RAM. Address 0 in the RAM is the left-most 
display character and address 15 (or address 7 in 8 
character display) is the right most display character. 
Entering characters from position zero causes the display 
to fill from the left. The 17th (9th) character is entered back 
in the left most position and filling again proceeds from 
there. 
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01 14 1§<—~Display 
Bae = Address 
OF tee 14 15 
01 14 15 
0 1 14 15 
17th entry [17 } 2] 
0.4 14 15 
LEFT ENTRY MODE 
(AUTO INCREMENT) 
Right Entry 


Right entry is the method used by most electronic 
caiculators. The first entry is placed in the right most 
display character. The next entry is also placed in the right 
most character after the display is shifted left one 
character. The teft most character is shifted off the end 
and is lost. 


T 42 14 15 O-~« Display 
Ae: at Address 
28 15 0 1 
3°44 6.1 2 
sem [D122 PEE) 
O44 —_ _ _13 14:15 
16th entry []2] (14/15 [16 | 
12 1415 0 
17th entry [2{3] | 15) 16 |17 | 
2. 3 5 0 1 
18th entry | 16]17 [18 


RIGHT ENTRY MODE 
{AUTO INCREMENT) 


Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 
0 with sequential entry is recommended. 


Auto Increment 


in the Left Entry mode, Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address in the Auto Increment mode has no undesirable 
side effects and the result is predictable: 


0 12 3 4 5 6 7=Display 
Address 


O12345 6 7 


- OF Ff 2 340155 6 7 


comes TTT TTT 


10010101 
Enter next at Location 5 Auto Increment 


0123465 6 7 


Oo 12324 5 6 7 


pc 


LEFT ENTRY MODE 
(AUTO INCREMENT) 


In the Right Entry mode, Auto incrementing and non 
Incrementing have the same effect as in the Left Entry 
except if the address sequence is interrupted: 


12 3 4 5 6 7 OQ-~<« Display 
weer CLELTTT & 
ress 


23 45 6 7 0 1 


2345 67 0 1 


coones (TT TTT) 


10010101 
Enter next at Location 5 Auto Increment 


séen [TTT PEL 
4 3 
ameny [T3[4] D2] 1] 


RIGHT ENTRY MODE 
(AUTO INCREMENT) 


Starting at an arbitrary location operates as shown below: 
012 3 4 5 6 7<#- Display 
10010101 Address 
Enter next at Location 5 Auto Increment 
123 465 67 0 
Ist entry 


2345 670 1 


Seas COEACAEACACSESED 
meer SPEER 


RIGHT ENTRY MODE 
{AUTO INCREMENT} 
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—_————— ——- se ¢ t 
ie 
4 Entry appears to be from the initial entry point. In a Sensor Matrix mode, a bit is set in the FIFO status fi 
7 word to indicate that at least one sensor closure indica- ie 
8/16 Character Display Formats 2 tion is contained in the Sensor RAM. t 
If the display mode is set to an 8 character display, the on In Special Error Mode the S/E bit is showing the error + 
duty-cycle is double What it would be for a 16 character flag and serves as an indication to whether a simultane- rE 
{ display (e.g., 5.1 ms scan time for 8 characters vs. 10.3 ms ous multiple closure error has occurred. fe 
for 16 characters with 100 kHz interna! frequency). . ae. 
FIFO STATUS WORD i : 
G. FIFO Status ¥— FIFO Fult , J 
FIFO status is used in the Keyboard and Strobed Input ‘4 
ent i modes to indicate the number of characters in the FIFO . ; 
and to indicate whether an error has occurred. There are Number: of : 
i characters in FIFO i 
‘ two types of errors possible: overrun and underrun. Bus :t 
Overrun occurs when the entry of another character intoa een 3 : 
full FIFO is attempted. Underrun occurs when the CPU 7 ena . 
{ tries to read an empty FIFO. pepeeelg isis teas Bi : 
: Y : Multiple Closures H 
| The FIFO status word also has a bit to indicate that the Viglanureralels -@ 
Display RAM was unavailable because a Clear Display or # 
Clear All command had not completed its clearing 
and non } operation. , 
eft Entry i . 
lay ; 
i 
ess j 
APPLICATIONS 
KEYBOARD 
lement MATRIX 
2 
own below: 
splay } 
m { 
dress q 
rement 


(DECODED) 


DISPLAY 
CHARACTERS 
DATA 

DISPLAY 


eat baa 


*Do not drive the keyboard decoder with the MSB of the scan lines. 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Abso- } 
' . if é lute Maximum Ratings” may cause permanent damage 
Ambient Temperature .....-+++-+-+- 0 Gio ites to the device. This is a stress rating only and functional 
Storage TEMpgatUre: nn yscewneeen “65°C to 125 C operation of the device at these or any other conditions 
Voltage on any Pin with: <° above those indicated in the operational sections of this 
Respect to Ground .........--6-- -0.5V to +7V specification is not implied. Exposure to absolute maxi- 
Power Dissipation ... 6-6... e eee eee eee 1 Watt mum rating conditions for extended periods may affect 
‘ device reliability. 
& bie 
ree 
hous 
o4 
; D.C. CHARACTERISTICS 
‘= Ta=0°C to 70°C, Vsg=OV, Voc = +5V +5%, Vec= +5V + 10% (8279-5) 
1 
4 Vina Input Low Voltage for 
§ Return Lines 
Vito Input Low Voltage for All Others | 


Views Input High Voltage for 
Return Lines 


Vino Input High Voltage for All Others | 20 | 


VoL Output Low Voltage Note 1 
i : Vout Output High Voltage on Interrupt Note 2 
"4 Line 
Vou2 Other Outputs 
Nyy Input Current on Shift, Contro! and +10 LA Vin = Vee 
Return Lines ~100 yA Vin = OV 
lina Input Leakage Current on All Others +10 uA Vin = Vcc to OV 
lozt. Output Float Leakage +10 BA Vout = Vcc to OV 
lec Power Supply Current 120 mA 
i Notes: 
' 8279, Ioy = 1.6mA; 8279-5, Ig, = 2.2mMA. 
8279, IQ} = -100zA; 8279-5, IQH = -400uA. 
tcy 
a eS | 
CAPACITANCE | 
Key 
1 Key 
Key 
Disg 
’ Input Wavefo 
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A.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Vgg = OV, (Note 1) 


Bus Parameters { 


age 


Address Stable Before READ | 5  ~—s 
Address Hold Time for READ fp 5 


Read Cycle: 


Data Delay from READ 
Address to Data Valid 


READ to Data Floating 
Read Cycle Time 


Parameter 


[Adsres Sable Seo WATE | so 
Address HoldTine orWRiTE | aS 
[WRITE Pose was | oC 
[bres UpTinetorwnTTe | wo 
[Onis Hold Tine for WATTE sw 
[witeGyeieTime tS 
Notes: 7 


1. 8279, Voc = +5V 25%; 8279-5, Voc = +5V 210%. 
2 8279, CL = 100pF; 8279-5, C, = 150pF. 


Clock Pulse Width 
Clock Period 


Write Cycle: 


Unit 


Other Timings: 


” 
— 
< 
x 
rer] 
= 
a 
«= 


Keyboard Scan Time: 5.1 msec Digit-on Time: 480 usec 
Keyboard Debounce Time: 10.3 msec Blanking Time: 160 usec 
Key Scan Time: 80 psec Internal Clock Cycle: 10 usec 
Display Scan Time: 10.3 msec 


Input Waveforms For A.C. Tests 
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1 MOS-to-LED 5-segment driver 
OS-to-LED 8-digit driver 
3 MOS-to-LED 8-digit driver 


€968Sd ‘€988Sa ‘i9sesa 


st 

general description features bed 
The DS8861, DS8863 and DS8963 are designed ® 50 mA source or sink capability re ? 
to be used in conjunction with MOS integrated per driver, DS8861 ti ; 
circuits and common-cathode LED’s in serially ‘ i 
addressed multi-digit displays. ® 500 mA sink capability : : ; 
The DS8861 is a 5S-segment driver capable of per driver, OS a ¥ 4 
sinking or sourcing up to 50 mA from each driver. ¢ LS 
= MOS compatibility (low input current) ; f 


The DS8863 is an 8-digit driver. Each driver is 
capable of sinking up to 500 mA. 


= Low standby power’ 


The DS8963 is identical to the DS8863 except , 
it is intended for operation at up to 18V. ® High gain Darlington circuits 


schematic and connection diagrams 


DS8861 


1.487 1012 


eer 
a 


22680 197 
a 


O77 
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Dual-in-Line Package Dual-in-Line Package 
~~ mo 


OuTy i) =6OUTS «om OUTS 


“ 
Tor view 


Order Numbers DS8861N, DS8863N or DS8963N 
See NS Package N18A 


“ a, 
DS8861 _ DS8863 ' pS8963 


absolute maximum ratings ‘ 


ERIS 


a 


Input Voitage Range (Note 3} BV 1I0Vss_- SV tOVss = BV 10 Vig 
Collector (Output) VoltageXNote 2) 10V _ 18V 
Collector (Output)-to-Input Voltage : 10V 18V 

~ “Emitter-10-Ground Voltage (V, > 5V) yee a AIOVESS a 
Emitter-to-Input Voltage 5V 


¥! 2 


Voltage at Vss Terminal With Respect to : ae - jay 
Any Other Device Terminal tS Tos . *- 
Collector (Output) Current : i. hese ky ty Se2 
* Each Coltector (Output) 50mA 500 mA 
All Collectors (Output) ne tobe 200 mA 600 mA 
* Continuous Tota! Dissipation 800 mw 800 mW 
Operating Temperature Range 0°C 10 +70°C O°C to #70°C OC to +70°C 
Storage Temperature Range -65°C to +150°C 65°C 10 +150°C == - 65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 300°C 300°C 


DS8963 


¥ 


psase3, 
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DS8861, 


electrical characteristics 


DS8861 (Vsg = 10V, Ta = O°C to +70°C unless otherwise noted) 


PARAMETER 
Veeon “ON” State Collector Emitter Voltage 


lcorr “OFF” State Collector Current 


PARAMETER . 


i 
‘ 
' F Vou Low Level Output Voltage 


tox High Level Output Current hin = 404A 


Von = 10V" 


Input Current at Maximum Input Voltage 
i: tes Current Into Vgc Terminal 


“1BV for the DS8963 


: : switching characteristics 
ie) DS8861 (Vss = 7.5V. Ta = 25°C) 


PARAMETER 
% - tin Propagation Delay Time, Low-to-High Level Output (Collector) Vin =4.5V.V_ =0 
tent Propagation Delay Time, High-to-Low Level Output (Collector) Ry = 2002, C, = 15 pF 


. DS8863/DS8963 (Vss = 7.5V, Ta = 25°C) 
. : PARAMETER - 
2 tery Propagation Delay Time, Low-to-High Level Output 


ten. _- Propagation Delay Time, High-to-Low Level Output -: 


Note 1: The input is the only device terminal which may be negative with respect to ground. 
Note 2: Voltage values are with respect to network ground terminal unless otherwise noted. 


ins : : 5-40 
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DESCRIPTION 


The 8138 is a quad bus transceiver with a common two 
input disable control for the drivers. Open collector driver 
outputs together with low input requirements for the 
receivers offer extreme versatility in low cost bus organized 


systems. 


Busses may be terminated at both ends such that up to 100 
driver/receiver pairs can utilize a common data bus. The 
receiver incorporates hysteresis to provide maximum noise 
immunity. In addition the receiver does not load the bus 


when Vcc = 0. 


In those applications where only bus receivers are required 
the 817380 quad bus receiver or the 8137 hex bus receiver 


should be considered. 
FEATURES 


@ RECEIVER HYSTERESIS — 1V TYPICAL 


® RECEIVER NOISE IMMUNITY — 2V 


QUAD BUS TRANSCEIVER 
(OPEN COLLECTOR) 


8738-B,F 
DIGITAL 8T SERIES INTERFACE TTL/MSI 


8138 


Reo De : ~ 


PIN CONFIGURATION (Top View) 


B,F PACKAGE 


eee 


[?] Disable A 


@® RECEIVER INPUT CURRENT — 20uA TYPICAL 


(FOR NORMAL Vcc AND Vcc = OV) 


@ RECEIVER 
SINK — 16mA AT 0.4V 
SOURCE — 5.2mA AT 2.4V 


@ DRIVER 
SINK — 50mA AT 0.7V 


7400 SERIES COMPATIBLE 
PIN COMPATIBLE WITH DM8838 


DRIVERS HAVE OPEN COLLECTOR OUTPUTS 
DRIVES 1002 TERMINATED BUSSES 


TRUTH TABLE 


[moos [oisanue] bieaaie [oniven] us [neceiven 
a 


AC ELECTRICAL CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V) 


PARAMETER 


Disable to Bus 


Disable to Bus 


Driver to Bus 


Driver to Bus 


Bus to Receiver 


Bus to Receiver 


TEST CONDITIONS 


Load 2 


Vin = OV to 3V 
Measured from Vjn = 1.5V 
to Vbus = 1.5V 


Load 1 Waveform 1 


3-11 


SP Pe. 
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SIGNETICS QUAD BUS TRANSCEIVER #8 8138 


DC ELECTRICAL CHARACTERISTICS (Over Recommended Voltage and Temperature Range) 


PARAMETER : TEST CONDITIONS MIN TYP MAX UNIT 


VOH “1” Qutput Voltage , 
Receiver Cetiee lout = -400nA Vcc = Min. 2.4 Vv 
x i) VOL “oO” Output Voltage . 
y Bus Driver lout = 50mA Vcc = Min. _ 0.7 Vv 
Receiver lout = 16mA Vcc = Min. 0.25 0.4 Vv DESCRIPTIO 
Vin “1 Input Voltage Me 8T363 Dual 
Disable Vcc = Min. 20 Vv Cuit incorporatin 
j : Driver Vcc = Min. 2.0 V gate output. The 
ey ees: and employs te 
t3 VIL Ope vole thresholds. The 
{ Disable Vcc = Min. 0.8 Vv patible with DTL 
Driver Vcc = Min. 0.8 Vv 
NH “1” Input Current . APPLICATION 
Disable & Driver Vin = 2.4V Vcc = Max. 50 LA 
ZERO-CR 
ie Power ON Vin = 4.0V Vcc = Max. 20 * 100 BA sibel 
Power OFF Vin = 4.0V Vcec=0 2 100 uA gc velboegss 
* : I 
ie “O" Input Current Driver Vin = 0.4V Vcc = Max. -1.6 mA BROIREG HONS 
VT High R Thresh Vv M 1.80 2.25 2.50 Vv Sela ies 
: : ese : : : 
igh Receiver Threshold cc in. STABLE-LOW FR 
VT- Low Receiver Threshold Vcc = Max. 1.05 1.30 1.55 Vv LINEAR AMPLIF 
Vimax Max Input Voltage FREQUENCY TO 
All inputs lin < IMA 5.5 Vv 
ViCL input Clamp Voltage ABSOLUTE M 
All Inputs lin = -12MA Vcc = Min. -1.0 -1.5 Vv Input Voltage 
los Output Short Circuit Outpet Voltage 
Current; Receiver Vout = 0 Vcc = Max. -18 -33 -55 mA Vee 
loc Power Dissipation/ Disable = OV, : 210 315 mW Input Current 
Supply Current Driver = 2.0V Vcc = Max. 40 60 mA Output Current 
Storage Temperatu 
Operating Tempera 
SWITCHING PARAMETER MEASUREMENT INFORMATION oe 


Maximum ratings are 


WAVEFORM 1 be impaired, 


CIRCUIT SCHE 


LOAD CIRCUITS 


TEST 


FROM OUTPUT Cc 
POINT 


FROM OUTPUT UNDER T 
UNDER TEST pene 


96LS02 


it ll ————— ae 
CONNECTION DIAGRAM 
PINOUT A 
96LS02 — 
DUAL RETRIGGERABLE RESETTABLE 
S(T) « 
MONOSTABLE MULTIVIBRATOR a 
DESCRIPTION — The 96S02 and 96LS02 are dual retriggerable and reset- 
table monostable multivibrators. These one-shots provide exceptionally wide 
t delay range, pulse width stability, predictable accuracy and immunity to F 
Ss * noise. The pulse width is set by an external resistor and capacitor. Resistor to 
¥ values up to 1.0 Mf for the 96LS02 and 2.0 MN for the 96S02 reduce required bo 
capacitor values. Hysteresis is provided on both trigger inputs of the 96LS02 pr 
; and on the positive trigger input of the 96S02 for increased noise immunity. tri 
if of 
= ® REQUIRED TIMING CAPACITANCE REDUCED BY FACTORS ca 
Pf a OF 10 TO 100 OVER CONVENTIONAL DESIGNS cy 
+ ‘ia ® BROAD TIMING RESISTOR RANGE — 1.0 kf. to 2.0 MN LOGIC SYMBOL L 
. HI ® OUTPUT PULSE WIDTH IS VARIABLE OVER A 2000:1 RANGE ou 
j BY RESISTOR CONTROL te 
Es BS a) ® PROPAGATION DELAY OF 35 ns 96LS02, 12 ns 96S02 pu 
pee ; © 0.3 V HYSTERESIS ON TRIGGER INPUTS co 
§. os © OUTPUT PULSE WIDTH INDEPENDENT OF DUTY CYCLE 
} So © 35 ns TO ~ OUTPUT PULSE WIDTH RANGE Op 
pes Tl 
F ~ ORDERING CODE: See Section 9 1. 
ee PIN COMMERCIAL GRADE MILITARY GRADE PKG oY 
, : Veco = +5.0 V +5%, Vec = +5.0 V +10%, 
4 OUT! ta=0°Cto+70°C | Ta=-55°C to +125°C| TYPE 3 
‘ Plastic (13) 3 
x as Selig | 96S02DC, 96LS02DC _ | 96S02DM, 96LS02DM | sa Voc = Pin 16 
; ta GND = Pin 8 
. aa a 96S02FC, 96LS02FC —-| 96S02FM, 96LS02FM ie 
¥/ 
4 pr INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 5. 
* 96S (U.L.) S6LS (U.L.) 
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW 6. 
Io Trigger Input (Active Falling Edge) 0.5/0.625 
=e lo Schmitt Trigger Input (Active Falling Edge) 0.5/0.25 
oe Ih Schmitt Trigger Input (Active Rising Edge) 0.5/0.625 0.5/0.25 
> 5 Cp Direct Clear Input (Active LOW) 0.5/0.625 0.5/0.25 
Sint Q True Pulse Output 25/12.5 10/5.0 
ie ba (2.5) 
Q Complementary Pulse Output 25/12.5 10/5.0 


(2.5) 


96S02 e 96LS02 


ta | = 


DIAGRAM i 
=< LOGIC DIAGRAM 
Voc 16 
By Vcc | 
| fm | 
Axz 
113] Co2 


tors have two dc coupled trigger inputs per function, one active LOW (Io) and one active HIGH (11). The I; input of 
both circuit types and the Ip input of the 96LS02 utilize an internal Schmitt trigger with hysteresis of 0.3 V to 
provide increased noise immunity. The use of active HiGH and LOW inputs allows either rising or falling edge | | 


9) Q2 FUNCTIONAL DESCRIPTION — The 96S02 and 96LS02 dual retriggerable resettable monostable multivibra- | | 


triggering and optional non-retriggerable operation. The inputs are dc coupled making triggering independent 
of input transition times. When input conditions for triggering are met the Q output goes HIGH and the external 
capacitor is rapidly discharged and then allowed to recharge. An input trigger which occurs during the timing 
cycle will retrigger the circuit and result in Q remaining HIGH. The output pulse may be terminated (Q to the | | 
SYMBOL LOW state) at any time by setting the Direct Clear input LOW. Retriggering may be inhibited by tying the Q | 
output to lo or the Q output to h. Differential sensing techniques are used to obtain excellent stability over 
temperature and power supply variations and a feedback Darlington capacitor discharge circuit minimizes | | 
pulse width variation from unit to unit. Schottky TTL output stages provide high switching speeds and output 
cx Rx Voc compatibility with all TTL logic families. | | 


Operation Notes 


6 (10) TIMING 
+. An external resistor (Rx) and an external capacitor (Cx) are required as shown in the Logic Diagram. The | 
value of Rx may vary from 1.0 kM to 1.0 MQ (96LS02) or 2.0 MN (96S02). 
2. The value of Cx may vary from 0 to any necessary value available. If, however, the capacitor has significant 
leakage relative to Vcc/Rx the timing equations may not represent the pulse width obtained. | 
3. Polarized capacitors may be used directly: The (+) terminal of a polarized capacitor is connected to pin 1 
(15), the (-) terminal to pin 2 (14) and Rx. Pin 1 (15) will remain positive with respect to pin 2 (14) during the 
timing cycle. tn the 96S02, however, during quiescent (non-triggered) conditions, pin 1 (15) may go negative | 
\ with respect to pin 2 (14) depending on values of Rx and Vcc. For values of Rx 2 10 kN. the maximum amount 
Pin of capacitor reverse polarity, pin 1 (15) negative with respect to pin 2 (14) is 500 mV. Most tantalum electro- 
PinB lytic capacitors are rated for safe reverse bias operation up to 5% of their working forward voltage rating, 
therefore, capacitors having a rating of 10 WVdc or higher should be used with the 96S02 when Rx = 10 kN. 
4. The output pulse width tw for Rx = 10 kM and Cx = 1000 pF is determined as follows: 
(96502) tw = 0.55 RxCx 
(96LS02) tw = 0.43 RxCx 
Where Rx is in kO, Cx is in pF, tis in ns or Rx is in kO, Cx is in uF, t is in ms. 
5. The output pulse width for Rx < 10k or Cx < 1000 pF should be determined from pulse width versus Cx or 
bLS (U.L.) Rx graphs. 
IGH/LOW 6. To obtain variable pulse width by remote trimming, the following circuit is recommended: ! 


0.5/0.25 ‘ 
0.5/0.25 1.0 ka 


0.5/0.25 PIN 2 (14) i a re | 
: \—. AS CLOSE AS POSSIBLE Rx -1.5 kit I 
a PIN 1 feel TO DEVICE ~ | | | 


10/5.0 at eee a a eer aw 


96LS02 


Operation Notes (Cont'd) 

7. Under any operating condition, Cx and Rx (Min) must be kept as close to the circuit as possible to minimize 
Stray Capacitance and reduce noise pickup. 

8. Vcc and ground wiring should conform to good high frequency standards so that switching transients on 
Vcc and ground leads do not cause interaction between one shots. Use of a0.01 uF to 0.1 uF bypass capaci- 
tor between Vcc and ground located near the circuit is recommended. 


j TRIGGERING 
. The minimum negative pulse width into To is 8.0 ns; the minimum positive pulse width into |; is 12 ns. 
| . Input signals to the 96S02 exhibiting slow or noisy transitions should use the positive trigger input 11 which 
contains a Schmitt trigger. Input signals to the 96LS02 exhibiting slow or noisy transitions can use either 
trigger as both are Schmitt triggers. 
. When non-retriggerable operation is required, i.e., when input triggers are to be ignored during quasi-stable 
state, input latching is used to inhibit retriggering. : 


NEGATIVE EDGE TRIGGER POSITIVE EOGE TRIGGEA 


4. Anoverriding active LOW level direct clear is provided on each multivibrator. By applying aLOW to the clear, 
any timing cycle can be terminated or any new cycle inhibited until the LOW reset input is removed. Trigger 
inputs will not produce spikes in the output when the reset is held LOW. A LOW-to-HIGH transition on Cp 
will not trigger the 96S02 or 96LS02. If the Cp input goes HIGH coincident with a trigger transition, the circuit 
will respond to the trigger. 


TRIGGERING ‘TRUTH TABLE 


PIN NOS. 
Sia aca sug) CrehAien 


Trigger 
Trigger 
Reset 


H = HIGH Voltage Level > Vin * 

L = LOW Voltage Level < ViL 

X = Immaterial (either H or L) 

HL = HIGH to LOW Voltage Level transition 
L®H = LOW to HIGH Voltage Level transition 


96S02 e 96LS02 


TYPICAL CHARACTERISTICS 


sible to minimize 96S02 

ng transients on a 

"6 capaci- OUTPUT tw vs Rx and Cx li DELAY TIME vs Ta 
Voc = 5.0V¥ 


to li is 12 ns. 
er input ly which 
s can use either 


C. = 15 pF | 


ring quasi-stable 


Rx — TIMING RESISTOR — ki) 
tep — DELAY 1; TO OUTPUTS —ns 


a 
ae a La 2a nal 
rr CT | | 
a +6810 2 4 68102 2 © 68103 : 25 


| OUTPUT j | tw — OUTPUT PULSE WIDTH —us Ta— AMBIENT TEMPERATURE — °C | | 


To DELAY TIME vs Ta OUTPUT tw vs Ta | | 


LOW tothe clear, 
emoved. Trigger 
transition on Cp 
sition, the circuit 


ten — DELAY ip TO OUTPUTS —ns 
tw — POSITIVE OUTPUT PULSE WIDTH —ns 


Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C 


NORMALIZED Atw vs Ta PULSE WIDTH vs RxCx 


234 68610 2 34 6 8492 2 34 6 8493 


Atw — NORMALIZED PULSE WIDTH VARIATION — > 
POSITIVE OUTPUT PULSE WIDTH — ns 


Ta — AMBIENT TEMPERATURE — °C TIMING CAPACITOR Cx — pF 
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96S02 © 96LS02 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


Vv Positive-going Threshold 
os Voltage, To, 11 (96LS02) I1 (96S02) 


UNITS CONDITIONS 


Negative-going sia | 08 0.7 
VT- Threshold Voltage XC 08 08 Vv Vec = 5.0 V 
To, 11 (96LS02) 11 (96S02) Lae | : . 
7 snk | aie Voc = Min, Vin = Vin or Vit | | ! 
Vou Output HIGH Voltage 5 27 Vv _ oH = -400 pA (LS02) 
; : 1oH = -1.0 mA (S02) | 
XC 
Capacitor Voltage 0 3.0 Rx = 1.0k0 = | | 
Vex Pin 1 (15) Referenced 0 30 v Rx = > 10 ka VEC i ae . 
to Pin 2 (14) 0 3.0 Rx > 1.0 MN , 
nA Vin =2.7V eas | | 
WH Input HIGH Current Vin = 5.5 V (S02) 


3 
> 


P| > 


3 
> 


he Input LOW Current 
los Output Short Circuit Current -40 -100 
Ioc Power Supply Current 


Vin = 0.4 V, Voc = Max 


Vin=10VveLSo2) Max | 
Vec = Max, Vout =0V | 


Vin = Open, Vcc = Max 


f= 100 kHz 


, Amp = 3.0 V 
Width = 100 ns 
wey t=ts5ns 
Vin | 


tPLH 
1.5V 
Q 


100 ns : INPUT PULSE 
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96S02 ° 96LS02 


AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations) 


96LS 
CL=15pF/CL=15 pF] UNITS CONDITIONS 


SYMBOL PARAMETER 


tPLH 
tPHL 


tw (L) To Pulse Width LOW 
tw (H) 1 Pulse Width HIGH © 
tw (LD) Cp Pulse Width LOW 


tw (H) Minimum Q Pulse Width HIGH 


is Q Pulse Width tts 


Rx Timing Resistor Range” 1.0 2000 
' Change in Q Pulse Width 
over Temperature xc 


Fig. a‘ 


Rx = 1.0 kN, Cx = 10 pF 
including jig and stray 


Rx = 10 kN, Cx = 1000 pF 


Ta = -55°C to +125°C, 
Veco =4.5Vto5.5V 


Rx = 10 kQ, Cx = 1000 pF 


Ta = 25°C, Veco = 4.75 V to 
5.25 V, Rx = 10 kn, 

Cx = 1000 pF 

Ta = 25°C, Vec = 4.5 Vito 
5.5 V, Rx = 10 kA, 

Cx = 1000 pF 


Change in Q Pulse Width 


over Vcc Range 


“Applies only over commercial Vcc and Ta range for 96802. 


addresses (or 
applied addr 
refresh count 
refresh may bi 
suitable for us 
operates from 
a 0°C to +75° 


Plastic 
DIP (P) 


Ceramic 
DIP (D) 


Flatpak 
(F) 


INPUT LOADIN 
PIN NAMES 


Ao — As 
Asp— Ait 
CP 
RE 
RS 
ZD 
Oo —5s 


Performance Curves NIE 
See Page 4-49 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 
FOR GENERAL-PURPOSE AMPLIFIER APPLICATIONS 


E210°E211°E212 


This series of epoxy-encapsulated FETs is characterized for 
low and medium frequency small-signal amplifier applica- 
tions which require high transconductance and Sow input 
capacitance. 


\ 
® Typical transconductance gg, = 10,000 umho 1 ul |. 
(E211 and E212) 15) DIB (482! pq BOTTOM VIEN 
© Typical input capacitance Cj,, = 5 pF ii 4 seaTinG PLANE 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage .........00005 -25V ae 
Gate CUENE sie.cSiawianatee wie w ote We here ena GSS 10 mA 


Total Device Dissipation 
(25°C Free-Air Temperature) .............-. 350 mW 
Power Derating (to+125°C)............00-5 3.5 mW/°C 
igh-et Storage Temperature Range ........-.+-0+ ~55 to +125°C 
Be! Operating Temperature Range .....--+.6+- -55 to +125°C 
Lad Lead Temperature 
(1/16" from case for 10 seconds) ...-..--+++0- 300°C 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


fun | recontiom | 
| pA _| Vos = 0. Ves =-15V 


[3 s |4Gss Gate Reverse Current (Note 1) = 
| 2} T]VaGstott) Gate-Source Cutotf Voltage Ey 
} 3 . BVgss __ Gate-Source Breakdown Voltage | -25] 
Zi 1 | 'oss Saturation Drain Current (Note 2 | 2 


LS] elig _GeeCuren 


Common-Source F orward 
Ms Transconductance (Note 2) 
Oye 

N 
Gr 
M 
 2| ' 
5 c 


Vos=15V.Ip=1n& j 


Vps=0,IgG=-1HA 
Vps = 15 V, Vgs = 0 


ES 


000 


Conductance 


Common-Source Output 
c Common-Source tnput 
iss 


Capacitance 


Common-Source Reverse 


C, 
rss Transfer Capacitance 


z Equivatent Short-Circuit Input 
n 


Noise Voltage 


NOTES: NZF 
1. Approximately doubles for every 10°C increase in Ta. 
2. Pulse test duration = 2 ms. 


PNP silicon annular transistors designed for general- 
purpose low-level switching applications. 


“MPS3640 (suicon) 


; 
| ‘ 
4 
Se 
CASE 29(1) oy 
(TO-92) rk 
ied : 
MAXIMUM RATINGS 
Symbol Value 
3 | 
ns 
Collector Current - Continuous 24 
o 
Total Device Dissipation @ T,= 25°C N¢ 
ad Derate above 25°C : 
Operating and Storage Junction 
Temperature Range ‘ 
F 


* 


ELECTRICAL CHARACTERISTICS (1, = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* 
fa = 10 mAdc, ip = 0) 


Collector-Emitter Breakdown Voltage 
Mi, = 100 pAdc, Var = 0) 


Collector-Base Breakdown Voltage 
(i, = 100 pAdc, i = 0) 


Emitter-Base Breakdown Voltage 
(i, = 100 pAdc, I, = 0) 


— 


Collector Cutoff Current 
(Vop = 6.0 Vdc, Vor = 9) 


Vor = 6.0 Vdc, Vere £0, Th = 65°C) 


4 7-514 ii 
ee i* 


MPS3640 (continued) 


ON CHARACTERISTICS 


DC Current Gain* 
(Ig = 10 mAde, Vo 


175 = 50 mAdc, Vor 


= 0.3 Vdc) 
= 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
Ug = 10 mAdc, Ip = 1.0 mAdc) 


(Ig = 50 mAdc, Ip = 5.0 mAdc)* 


lg = 10 mAdc, Ip = 1.0 mAdc, T, = 65°C) 


Base-Emitter Saturation Voltage 
Ug = 10 mAdc, I, = 0.5 mAdc) 


{lc = 10 mAdc, I, = 1.0 mAdc) 
(lg = 50 mAdc, 13* 5.0 mAdc)* 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
{Ig = 10 mAdc, Vop = 5.0 Vdc, {= 100 MHz) 


Output Capacitance 
(Wop = 5-0 Vde, Ip = 0, f= 140kHz) 


Input Capacitance 
(Vopr = 0.5 Vde, 1, = 0, f= 140 kHz) 


SWITCHING CHARACTERISTICS -"* 
Turn-On Time 
VBE (ott) 


Delay Time Voc = 6.0 Vdc, YpE(oft) = 1.9 Vdc, 


lo 


=1.9Vdc, V 


(VEE (oft) cc 


Woo = 6.0 Vde, Io = 50 mAdc, 


I = 5.0 mAdc) (See Figure 1) 


Bi = 1 p2 


"Pulse Test: Pulse Width = 300 ys, Duty Cycle = 1.0%. 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


Vepet19V Veg =-6.0V 


Vin TO SAMPLING SCOPE 
PULSE SOURCE 5) Input Z 7100k 
Rise Time= 1.0 ns Rise Time = 1.0 ns 
Pulse Width 2100 ns = = 
Zin = 50 Ohms 2 - 
Fall TimeZ 1.0ns NOTES: Collector Current = 50 mA, Turn-On and Turn Off Time 


Base Currents = 5.0 mA. 


= 1.9 Vdc, Voc = 6.0 Vdc, Igoe 50 mAdc, Tey =5.0 mAdc)(See Figure 1) 
(i, = 10 mAdc, Voc = 1.5 Vdc, 1p) = 0.5 mAdc) (See Figure 2) 


= 50 mAdc, Ib = 5.0 mAdc) (See Figure 1) 


=6. OVdc, 1,=50mAdc, 15)7Ig2=5- OmAdc)(See Figure 1) 
: (Ig = 10 mAdc, Voc = 1.5 Vdc, Ip) = I52 = 0.5 mAdc) (See Figure 2) 


7-515 


fanl 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) ; 


FIGURE 2 — SWITCHING TIME TEST CIRCUIT 


Vep°-6.0V 


Vecor15V 


TO SAMPLING GCOPE 
Input 2 21608 
Rise Times 10 


PULSE SOURCE 

Rise Time 1.0 nx 

Pulse Width 200 ns 

Zin = 50 Ohms 

Fall Time<1.0ns NOTES: Collector Current = 10 mA, Turn-On and Tere Om Tae 
Base Currents = 0.5 mA. 
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© DIFFUSED SILICON PLANAR EPITAXIAL TRANSISTOR 


The 2N3563 is an NPN silicon PLANAR epitaxial transistor designed for low-level RF 


applications. It features high power gain, lownoise andlow leakage in a new solid package PHYSICAL DIMENSIONS 
. Epoxy pachage 


designed to give maximum mechanical support to the transistor chip. 


ABSOLUTE MAXIMUM RATINGS [Note 1] 


Maximum Temperatures 


Operating Junction Temperature +125°C Maximum 
Storage Temperature -55°C to +125°C 
Soldering Temperature (10 sec. time limit) . +260°C Maximum 


Maximum Power Dissipation 


Total Dissipation at 25°C Case Temperature (Note 2) 0.5 Watt 
at 65°C Case Temperature (Note 2) - 0.3 Watt 
at 25°C Ambient Temperature (Note 2) | 0.2 Watt 


Maximum Voltages 


CBO Collector to Base Voltage 30 Volts 
Collector to Emitter Voltage (Note 3) 12 Volts sh eietresebng neneonenttiea scence 


"CEO 
‘e VeRO Emitter to Base Voltage 2.0 Volts 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 
Symbol Characteristics Min. Typ. Max. Units 


Vv 


Test Conditions 


hee DC Pulse Current Gain (Note 4) Io CE 

Vop(sat) Collector Saturation Voltage 0.1 Volts Io = 10 mA Ip = 1.0 mA 

Cobo Open Circuit Output Capacitance 1.3 LT pf I = 0 Von = 10 V 

Cop Collector-base Transfer (Note 7) 0.8 pf I, = 0 Von = 10 V 

logo Collector Cutoff Current 50 nA I, = 0 Von = 15 V 

eo a bad = = 

Togoif® C) Collector Cutoff Current 5.9 HA I, 0 Vos 15 Vv 

hee High Frequency Current Gain (f = 100 mc) 6.0 9.0 In = 8.0 mA Vor = 10 V 

G a Available Power Gain (neutralized) (Note 5) 14 ‘17 db Io = 8.0 mA Vor = 10 V 

Pp ({ = 200 mc) ; 

NF Noise Figure (Note 6) 4.0 db I, = 1.0 mA Vor = 6.0 V 

mC. Collector-Base Time Constant ‘ - 8.0 15 25 psec In = 8.0 mA Von = 10 V 
({ = 79.8 mc) 

hye Small Signal Current Gain (f = 1.0 Kc) 20 250 Io = 8.0 mA Vor = 10 V 

BVcRO Collector to Base Breakdown Voltage 30 Volts I, = 0 Io = 100 pA 

Verolsust) Collector to Emitter Sustaining Voltage 12 Volts Ia = 3.0 mA H = 0 
(Notes 3 and 4) © (pulsed) = 

BV BO Emitter to Base Breakdown Voltage 2.0 Volts In = 0 I = 10 pA 


Copyright 1965 by Fairchild Semiconductor, 3 division of Fairchild Camera and Instrument Corporation 


E7 OT ee a men © rts ee on 


ee ee | 
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eee 
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SEMICONDUCTOR 


313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, Twx: 910-379-6435 A DIVISION OF FackCmD Cawlea AND INSTRUMENT CORPORATION 
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ie _-2N3567-2 
e@ NPN GENERAL PURPOSE TYPES 


DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTORS 


The 2N3567 and 2N3568 are NPN silicon PLANAR “epitaxial transistors designed pri- 


PHYSICAL DIMENSIONS 


m accordance with 
JEDEC (10.105) outhne 


marilyfor amplifier and switching applications over a wide range of voltage and current. 
These devices feature a useful beta range to 500 mA and low saturation voltage, High 
collector-to-emitter voltage allows operationto 60 volts for the 2N3568 and 40volts for 
the 2N3567. 

ABSOLUTE MAXIMUM RATINGS [Note 1] 


Maximum Temperatures 


Storage Temperature -55°C to +125°C 
Operating Junction Temperature +125°C Maximum ~ 
Lead Temperature (Soldering, 10 sec. time limit) 4260°C Maximum 


Maximum Power Dissipation 


Total Dissipation at 25°C Case Temperature (Notes 2 & 3) 0.8 Watt 

at 25°C Ambient Temperature (Notes 2 & 3) 0.3 Watt 

Maximum Voltages 2N3567 2N3568 
CBO Collector to Base Voltage 80 Volts 80 Volts ctinntiihitaa 

Voro Collector to Emitter Voltage (Note 4) 40 Volts 60 Volts 

VeRo Emitter to Base Voltage 5.0 Volts 5.0 Volts 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


2N3567 
Characteristic Min. Typ. Max. Min. is A Test Conditions 


DC Pulse Current Gain (Note 5) 
DC Pulse Current Gain (Note 5) 


Collector Saturation Voltage 
(pulsed, see note 5) 


Base Saturation Voltage 
(pulsed, see note 5) 


High Frequency Current Gain 
(f = 20 MHz) 


Open Circuit Output Capacitance 
Open Circuit Input Capacitance 
Collector Cutoff Current 

(75°C) Collector Cutoff Current 
Emitter Cutoff Current 


‘cBo 
Teo 
BVcBo 

Ve eo (Sust) 


Collector. to Base Breakdown Voltage 


Collector to Emitter Sustaining Voltage 30 mA 
(Notes 4 and 5) © (pulsed) 


BV Emitter to Base Breakdown Voltage 


EBO 


=A iRe i io 


ee asitses pM clei 
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PULLELIUA UnAnnurenieniee 
a a. 


| rae S 
: 4 
= = =< 
8 5 
: S i 
7 : : 
»? 2 . 
= 
° 4 ‘ R ” a : f 
Yo COLLECTOR VOLIAGE - VOLTS Ie * COLLECTOR CURRENT me 
COLLECTOR SATURATION VOLTAGE CAPACITANCE VERSUS CONTOURS OF CONSTANT 
VERSUS COLLECTOR CURRENT ss REVERSE BIAS VOLTAGE BANDWIDTH PRODUCT (ft) 
So 0m, A 
< nb man Copy Output Capacitance, ty > Of] I 
1 mat COE TIT TT : 
H ut TIN UG 
psi! 


feria 
CAPACITANCE = pf 


> 
Transter Capacitance, I, ° 0 


| | fe 


eg + COLLECTOR voLTAcE 


Veg taal COLLECTOR SATURATI 


° 
O01 00M Of OF LO 3.0 eo BF 
REVERSE BIAS ~ UNITS 


CONTOURS OF CONSTANT 
NOISE FIGURE 


ae 


Mt 


NOISE FIGURE 
= 
= 

fez |_| 
== 
ie 
mrZ 
| 

== 

= 


ii 
noise Figure (@ 
| \! 


R, + SOURCE RESISTANCE - OHMS 


as MAXIMUM AVAILABLE 
: GAIN VERSUS FREQUENCY 


oe | 
SSH crn 
(a ee 


ah at 


ih SN 
= 


L; — 3.5 Turns No. 16 wire; 
5/16 Dia; 7/16 Long. 


¢ 
8 


Turns Ratio 4 10 2 
L, — 8.0 Turns No. 16 wire; 

1/8 Dia; 7/8 Long. 

Turns Ratio 8 tol 
Ls — 0.4-0.65 wh {adjustable core) 


MAXIMUM AVAILABLE CAIN + @D 
3 


1 =~ FREQUENCY - me 


* Single family characteristics on Transistor Curve Tracer. 
NOTES: 
(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 


(2) These ratings give a maximum junction temperature of 125°C and junction-!o-case thermal resistance of 209°C/Watt (derating factor of 5.0mW “C); yunction-to 


ambient thermal resistance of 500‘C/Watt (derating factor of 2.0 mw/°C). ° 
Q) 
(4) 
(5) 
(6) 
a) 


Rating refers to a high-current point where collector-to-emitter voltage is lowest. 

Pulse Conditions: length = 300 psec; duty cycle < 1%. 

Forward gain (db) + reverse gain (db) < (-20db). Sce test circuit. 

{« 60 me; Re = 4002: 

Cc. is measured using a three-terminal measurement technique sith case and emitter guarded. CL, is equivalent to C_. 
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b 


© 


These PNP silicon PLANAR epitaxial transistors are designed for digital and analog applications 


PNP HIGH CURRENT 


TES 


DIFFUSED SILICON PLANAR EPITAXIAL TRANSISTORS 


at current levels up to 500 milliamperes. Their high beta, high f,, at high current and high . PHYSICAL DIMENSIONS 


LV 


CEO’ make them ideal for use as line drivers and memory applications. 


ABSOLUTE MAXIMUM RATINGS [Note 1] 


Maximum Temperatures 


Storage Temperature 


-55°C to +125°C 


Epoxy package 


Operating Junction Temperature +125°C Maximum 
‘Lead Temperature (soldering, 10 sec time limit) ; +260°C Maximum 
Maximum Power Dissipation 2N3645 2N3644 
Total Dissipation at 25°C Case Temperature (Notes 2 & 3) 0.7 Watt 0.7 Watt 
at 25°C Free Air Temperature (Notes 2 & 3) 0.3 Watt 0.3 Watt 
Maximum Voltages 
Voso Collector to base Voltage -60 Volts -45 Volts 
Vero Collector to Emitter Voltage (Note 4) "60 Volts -45 Volts Gcnecuina 
x) ¥ nn Emitter to Base Voltage -5.0 Volts —_-5.0 Volts Pacnnge mega te grom 
ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 

SYMBOL , CHARACTERISTIC MIN. TYP: MAX. UNITS TEST CONDITIONS 
tee DC Current Gain In Vor 
hep DC Current Gain Io Vor 
her DC Pulse Current Gain (Note 5) Io Vor 
her DC Pulse Current Gain (Note 5) Io Vor 
hee DC Pulse Current Gain (Note 5) Io Vor 
her DC Pulse Current Gain (Note 5) Io Vor 
re High Frequency Current Gain (f = 100 Mc) Io Vor 
Cobo Common Base Output Capacitance Ip Vox 
Cibo Common Base Input Capacitance Io Ves 

Additional Electrical Characteristics on page 2 ’ e 
NOTES: 


(1) 


These ratings are limiting values above which the serviceability of any individual semiconductor may be impaired, 


These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 


These ratings give a maximum junction temperature of 125°C and junction-to-case thermal resistance of 143°C/Watt (derating factor of 7.0mW/*C); junction-to- ambient 


thermal resistance of 333°C/Watt (derating factor of 3.0 mW/°C). 


Rating refers to a high-current point where collector-to-emitter voltage is lowest. 
Pulse Conditions: length = 300 psec; duty cycle = 1%. 


See switching circuit for exact values of Tos Taye and Ty 
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ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted) 


SYMBOL 


CHARACTERISTIC 


MIN. TYP. MAX. 


UNITS TEST CONDITIONS 


I 


Vielsat) 
Vor lsat) 


BYEBO 


Collector Saturation Voltage (Pulsed, see Note 5) 4 
Collector Saturation Voltage (Pulsed, see Note 5) 
Collector Saturation Voltage (Pulsed, see Note 5) 


Collector to Emitter Sustaining Voltage 2N3645 -60 
(Notes 4 & 5) 2N3644 -45 


Base Saturation Voltage (Pulsed, see Note 5) 


Base Saturation Voltage (Pulsed, see Note 5) 


Base Saturation Voltage (Pulsed, see Note 5) -0.8 
Emitter to Base Breakdown Voltage : -5.0 
Collector to Base Breakdown Voltage 2N3645 -60 
2N3644 -45 
Turn On Time (Note 6) 2 
Turn Off Time (Note 6) 
Collector Reverse Current 2N3645 
'2N3644 
Collector Reverse Current (+65°C) 2N3645 
° 2N3644 


-0.08 
-0.18 
-0.5 


-0.9 
-1.0 


30 
65 


-0.25 Volts Io = 50 mA In = 2.5 mA 
-0.4 Volts Io = 150 mA In = 15 mA 
-1.0 Volts Io = 300 mA Ip = 30 mA 
Volts In = 10 mA I, = 0 
Volts (pulsed) 
-1.0 Volts To = 50 mA In = 2.5 mA 
-1.3 Volts In = 150 mA Ip = 15 mA 
-2.0 Volts In = 300 mA In = 30 mA 
Volts In = 0 I, = 10 pA 
Volts I, = 100 pA I = 0 
Volts os = 
40 nsec In * 300 mA Ian xz 30 mA 
100 nsec Io = 300 mA, Tah = 30mA, Ibe x -30mA 
35 nA Vor -50 V VBE = 0 
35 nA Vor™ -30 V VBE = 0 
2.0 pA Vor= -50 V VBE = 0 
2.0 pA Vog* -30 V VBE = 0 


TYPICAL ELECTRICAL CHARACTERISTICS 


COLLECTOR CHARACTERISTICS ° 


> mA 


Ie + COLLECTOR CURRENT 


Veg - COLLECTOR EMITTER VOLTAGE - VOLTS 


BASE CHARACTERISTICS « 


ig + COLLECTOR CURRENT 


if 4 i “12 -16 “2.0 
Veg ~ BAS EMITIER VOLTAGE ~ VOLTS 


* Single family characteristics on Transistor Curve Tracer. 
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COLLECTOR CHARACTERISTICS* 


? 
s 
Sy .- 
8 
2. 
| 
% 04 0.8 “12 “1.6 2.0 
Veg * COLLECTOR EMITTER VOLIAGE - VOLTS 
DC PULSED CURRENT GAIN 
VERSUS COLLECTOR CURRENT 
4 
5 
Fs 
= 
3 
F 
Fa 


or ° “0 - 
ig - COLLCIOR CURRENT - mA 


ne 


SP iMared ay. pb 


————+ 


TYPICAL ELECTRICAL CHARACTERISTICS 


PULSED COLLECTOR SATURATION 
VOLTAGE VERSUS COLLECTOR 
CURRENT 


yy 
Va 


Senne 
ZI 


Veg!sat) - COLLECTOR EMITTER SATURATION VOLTAGE - VOUS 
2 ‘ 
° 


Ic ~ COLLECTOR CURRENT - mA 


COLLECTOR REVERSE CURRENT 
VERSUS REVERSE BIAS VOLTAGE 


lors * COLLECTOR REVERSE CURRENT - pa 
s 


0 “7 i) ““ 50 “0 
Veg ~ COLLECTOR TO EAWITER VOLTAGE - VOLTS 


INPUT AND OUTPUT CAPACITANCES 
VERSUS REVERSE BIAS VOLTAGE’ 


dd 


C + CAPACITANCE 


RIVIRSE BIAS VOLTAGE - VOLTS 


STL oy BoM aa 


PULSED BASE SATURATION 
VOLTAGE VERSUS COLLECTOR 
CURRENT 


Vog (sat) ~ BASL-CMITTER SATURATION VOLTACE = VOLTS 


‘ic ~ COLLECTOR CURRENT - ma | 


COLLECTOR REVERSE CURRENT 
VERSUS AMBIENT TEMPERATURE 


4 


| 


\ 


0 
r 
iN 
Fi 


\ 
i 
ll 


\ 
~ 
| 
i 


\ 
1 
: 


fers ~ COLLICTOR REVERSE CURRENT ~ nA 


ia 


Ty - AMBIENT TLAPERATURE - °C 


CONTOURS OF CONSTANT GAIN 
BANDWIDTH PRODUCT (f,) 


Vor * COLLECTOR CMITTER VOLTAGE - vous 


Ie ~ COLLECTOR CURRENT - ma 


: ie Bg eS Sw SS ee 
SMALL SIGNAL CHARACTERISTICS 


e y 
5 n 
Ss . 


CHARCTERISTICS RELATIVE TO VALUE AT I¢*-10mA 
CHARACTERISTICS RELATIVE TO VALUE AT Ty 


CHARACTERISTICS RELATIVE TO VALUE AT Veg * 


Ver ~ COLLECTOR VOLTAGE - VOLTS & - AMBIENT TEMPERATURE - “C 
h PARAMETERS (f = 1 kc) 
Symbol * Min. Typ. Max. Units Test Conditions 
hi, Input Resistance 480 2000 ohms In = 10mA Vor =-10 V 
Noe Output Conductance 80 1200 ymhos In = 10 mA Vor =-10 V 
ie Voltage Feedback Ratio 162 1500 x10°° Ip = 10mA Vo, = -10 V 
Nee Small Signal Current Gain - Tn = 10mA Vor =-10 V 
TYPICAL ELECTRICAL CHARACTERISTICS 
SWITCHING TIMES VERSUS SWITCHING TIMES VERSUS RISE TIME VERSUS COLLECTOR 
COLLECTOR CURRENT AMBIENT TEMPERATURE AND TURN ON BASE CURRENTS 


SWITCHING TIME - nsec 
SWITCHING TIMES ~ nsec 


tT hel 
Pike 1 


40 i.) ae) “10 200 “500 
Ie ~ COLLECTOR CURRENT - mA 


Ty > AMBIENT TEMPERATURE - le * COLLECTOR CURRENT - mA 


TonAND Tore TEST CIRCUIT 


-30V¥ 
4.0V 
30 
0.47 Your 
1f}--—2 TO SAMPLING 
330 OSCILLOSCOPE 
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PULSE GENERATOR . ; t, <Insec 
1.0 140 Zin 20.1MO 
Vin = -3V c it -_ 
' if 
ty. ty<6nsec i he. 
P.W. = O.Spsec 75 
500pf 


Zin = 500 


Fairchild cannot assume responsibility for use of any circuitry described. No circuit patent licenses are implied. 
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NPN silicon annular transistors, designed for gen- 
eral-purpose switching and amplifier applications, 
: features one-piece, injection-molded plastic package 
{ 
«CASE 29(1) 


for high reliabilitv. The 2N3903 and 2N3904 are com- 
plementary with PNP types 2N3905 and 2N3906, re- 


(TO-92) spectively. 


MAXIMUM RATINGS 


eS 
Collector-Emitter Voltage Voro p40 |v 


Total Device Dissipation @ T, = 25°C ara 
Ty = 60°C 210 mW 
Derate above 25°C 2.81 mw/°C 
emperature Range 
THERMAL CHARACTERISTICS 


Symbol 


2N3903, 2N3904 (continued) 


* ELECTRICAL CHARACTERISTICS (14 = 25°C unless otherwise noted) 
| Characteristic [ Fig.No | Symbol | Min | Max | Unt | 
OFF CHARACTERISTICS . 


Collector-Base Breakdown Voltage 
(Ig = 10 Ade, eo 


Collector-Emitter Breakdown Voltage* 
Go * 1.0 mAd, 1, = 0) 


Emitter-Base Breakdown Voltage 
(lg + 10 Ade, I = 0) 
Collector Cutoff Current 
Weg «30 Vee. Ve ace 


Base Cutoff Current 
+ 30 Vde, VeBiott) 


= 3.0 Vdc) 


= 3.0 Vdc) 


ON CHARACTERISTICS 


DBC Current Gain* 


(l, = 0.1 mAdc, Vue © 1.0 Vée) 263903 
‘c 2N3904 
UL. = 1.0 mAée, Vio = 1.0 Vde) 2N3903 
c cE 2N3904 


{= 10 mAde, Vou - 1.0 Vde) 2N3903 
© se 2N3904 j 
(L. © 50 mAdc, Van + 1.0 Vdc) 2N3903 
"ec cE 2NS904 
Ul, = 100 mAde, V_. = 1.0 Vdc) 2N3003 
i a 2N3904 


Collector-Emitter Saturation Valtage* 
Mg = 10 mAdc, I, © 1.0 mAde) 


(lg = 50 mAdc, Lt = 5.0 mAdc) 


Base-Emitter Saturation Voltage* 
(lg = 10 mAdc, B = 1,0 mAdc) 


ay = 50 mAdc, LB = §.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product ~ G MHz 


dg = 10 mAdc, Vor = 20 Vdc, f = 100 MHz) 2N3903 250 - 
2N3904 300 Ss 
Output Capacitance ' 3 Cop pF 
(Vop * 5.0 Vee. i =o. f= 100 kHz) | 
Input Capacitance 3 Ce pF 
| Wap 20-5 Vac, Ie 0, f = 100 uHz) . 8.0 | 
Input Impedance 13 i he k ohms 
{lg = 1.0 mAdc, YoE = 10 Vde, f= 1.0 kHz) 2N3903 0.5 8.0 
2N3904 i 1.0 10 
Voltage Feedback Ratio 
lg = 1.0 mAdc, Vor 2°10 Vdc, f = 1.0 kHz} 2N3903 ' 
2N3904 i 
Small-Signal Current Gain i he - ‘ 
lg © 1.0 mAdc, Yor = 10 Vde, f= 1.0 kHz) 2N3903 50 200 ' 
2N2904 100 400 
Output Admittance 12 bee umhoe 
(I, = 1.0 mAde, Veg © 10 Vdc, f = 1.0 kHz) ' 


Noise Figure 
Mg «= 100 pAde, Yee 2 5.0 Vac, Ry = 1.0k ohms, 


f= 10 Hz to 15.7 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time . - = 0.5 Vdc, 
= 10 mAde, Lett = 1,0 mAde) 


Rise Time 


wr 


Slo seer dime Weg 73-0 Vde, Ip = 10 made, 


“Fall Time Tpy ° Tyg * 1.0 mAde) 


° Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


PEP 8 Y- 


eX 


FIGURE 1 — DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT FIGURE 2— STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT 


30¥ 10 < ty < 500 ps—oy tr pe +30V 
» DUTY CYCLE = 2% alae 


300 ns ey to 
DUTY CYCLE = 2% yo HOG ¥ 


-05V—4 Pr " 


iC, < 4.0 pF 
3 
-3.1V—! 


< 1.0 ns-4 


"Total shunt capacitance of test jig and connectors 


2n3905 (siticon) 


PNP silicon annular transistors, designed for gen- 
eral purpose switching and amplifier applications , 
features one-piece, injection-molded plastic package 
for high reliability. . The 2N3905 and 2N3906 are com- 
plementary with NPN types 2N3903 and 2N3904, re- 
spectively . 


nme ised a i ceo 


CASE 29(1) 
(TO-92) 


MAXIMUM RATINGS 


[cainaortaieer vont | eso 
[eaortevomae en 
a 


Total Device Dissipation @ T, = 25°C mW 


Ty = 60°C 


Derate above 25°C 


ELECTRICAL CHARACTERISTICS (1a = 25°C uniess otherwise noted) 
Characteristic Fig. No. | Symbol Min Max Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
{ig = 10 pAdc, Tp = 0) 


Collector-Emitter Breakdown Voitage* BY, 4 
lg = 1.0 mAde, 4 = 0) 


Emitter-Base Breakdown Voltage 
{Ip = 10 wade, I, = 9) 


Collector Cutoff Current 
Wop = 30 Vde, Yor off) « 3.0 Vde) 


Base Cutoff Current 
(Vor = 30 Vae, Vv 


3.0 Vde) 


BE(oft) 


2N3905, 2N3906 (continued) 
| 

i 

| 

| 

! 


ON CHARACTERISTICS | 
DC Current Gain® 4 
{lg = 0.1 mAdc, Vog * 1.0 Ve) 3 
Ql, = 1.0 mAd, V = 1,0 Vde) 2N3905 
"e . ce 2N3906 
= 10 mAd, V = 1.0 Vde) 2N3905 
ec cE 2N3006 P 
{I,, © 50 mAde, V, = 1.0 Vde} 2N3905 =| 
c cE 263906 : 
,, = 100 mAde, V, © 1.0 Vdc) 2N3905 
c cf 2N3906 5 
Collector-Emitter Saturation Voltage® | 
(lg = 10 mAde, I, = 1.0 mAde) | 
(Ig = 50 mAde, 1, * 5.0 mAde) - 
Base-Emitter Saturation Voltage® Hy 
(Ig = 10 mAdc, 1, = 1.0 made) | 
(ig = 50 mAde, I, = $..0 mAde) Fs 
SMALL-SIGNAL CHARACTERISTICS 5 
Current-Gain— Bandwidth Product 
(lg = 10 mAdc, V_5 = 20 Vdc, f = 100 MHz) = 
| 2 
i ‘Output Capacitance : 
. (Wop * 5.0 Ve, 1 = 0, f = 100 kHz) . ~ 
Input Capacitance bo 
Woy = 0.5 Vdc. 1, = 0, f= 100 kHz) i 
Input Impedance 
: My = 1.0 mAde, Yor" 10 Vdc, { = 1.0 kHz) | 
° Voltage Feedback Ratio | 
H (ig = 1.0 mAde, Vog * 10 Vde, f © 1,0 kHz) 
i Small-Signa) Current Gain 
Me = 1.0 mAde, Yor = 10 Vde, f = 1.0 kHz) 2N3905 z 
2N3906 
‘ Output Admittance 
(Ig = 2.0 mAde, Yor° 10 Vde, f = 1.0 kHz) 2N3905 
j 2N3906 
Noise Figure 
f (I, = 100 uAde, Vor «5.0 Vee, R, = 1.0k ohm, 2N3905 
; {= 10 Hz to 15.7 kHz) auaece 
} SWITCHING CHARACTERISTICS 
: Voc =3.0 Vad, I, = 10 mAde, 
i Paitime — | 4B) “ "az = 1-0 mAde) 
! * Pulse Test: Pulse Width = 300 us, Duty Cycle = 2, 0%. | 
H 
' FIGURE 1 — DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT FIGURE 2 — STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT } 
| -3.0¥ | 
; —~ =< lon 275 
+05v— 7 
2 ’ 
iC, < 4.0 pF 
- on 
{ —106v— = 300 ns - 
s DUTY CYCLE = 2% 
"Total shunt capacitance of test jig and connectors 
« 
- i 
3 $4 
; 6-667 i 
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UR Power Transistors ELECTRICAL CHARACTERI 
Solid State 2N4063 Wo pe ee 


Division 2N3439 
2N3440 


Chororteristic 


High-Voltage Silicon ast 


N-P-N Transistors Collector-Cutoff Curren: 
For High-Speed Switching and pees 
Linear-Amplifier Applications Emitier-Cutoff Current “4 
Features DC Forward-Current Transfer RB. 
® High voltage ratings: 


Collector-to-Fmitter 

Vepo = 450 V max. (2N3439, 2N4063) These devices are available with either 1%- Sustaining Voliage: 
= 300 V max. (2N3440, 2N4064) inch leads (TOS package) of %-inch leads (See Figs. 3 & 4: 

Veeolsus) = 350 V max. (2N3439, 2N4063) | {T0-39 package). The longertead versions are With base open 


= 250 V max. (2N3440, 2N4064) 


specified by suffix “L” after the type num- 
ber; the shorter-lead versions are specified by 
@ Maximum-area-of-operation curves sutfix “S” after the type number. 


Base-to-F.mitter 
Satoration Voltage 


§ Low saturation voltages 


Collector-to-Emitter 
Saturation Voliage 


Sma}] Signal, Forward-Current 
Transler Ratio (at 5 MHz) 


RCA-2N3439°, 2N3440**, 2N4063, 2N4064, and 40390 are The 2N3439 and the 2N3440 differ primarily in their voltage 
epitaxial-base silicon n-p-n transistors with high breakdown ratings, the 2N4063 and 2N4064 have the same voltage ratings 
voltages, high-frequency response, and fast switching speeds. —_as the 2N3439 and 2N3440 respectively, but employ a flange 
These transistors are intended for industrial, commercial, and package. Type 40390 is 2 2N3440 with a factory-attached heat 


military equipment. Typical applications include high-voltage radiator; it is intended for printed-circuit-board applications. 
differential and operational amplifiers, high-voltage inverters, ee 

and high-voltage, low-current switching and series regulators. |“ Formerly RCA Dev. No. TA2458. 

*" Formerly RCA Dev. No. TA2470. 


Output Capacitance (at ] MH 


Second-Breakdown 
Collector Current: 
With base forward biased 


Thermal Resistance: 
Junction-to-Case 


SCAUTION: The sustaining 


should be measured by mean 


2N3439 2N3440 
2N4063 2N4064 


40390 
Absolute-Maximum Values: 
. co 
COLLECTOR-TO-BASE VOLTAGE. ..-..-.....0-. 5 Seiten eae 450 300 v ¢ 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGF.......-. -- Verolsus) 350 250 V = 
EMITTER=TO-BA SE) VOLTAG Rois wile gerars tes arene sare media a wee YERO 7 7 v Ps 
COLLECTOR CURRENT | scviecoticsiins Siow se) esdualeenniers Sita Ic 1 ! A & 
BUSE PU MRENE  sprotre cre aging s arasrerwtaannaenstanivarvia is 0.5 0.5 A £ 
TRANSISTOR DISSIPATION... 0 cc cece tenn ees Pr 88 95 
Al case temperatures up to 25°C. 2... ee ee 5 10 10(2N3440) WW ze 
- : 10(2N4064) W ‘ 
At free-air temperatures up t0 25°C... ee ee eee - 3.5(40390) W “ 
At free-air temperatures up 10 50°C... ee 1(2N3439) 1(2N3440) WW < 
At free-air temperatures above 25°C or 50°C... 2 ee See Fig. 2. é 
For pulse operation cso. is.niaaheana «aaa Ais hal oda eteaie’n ae See Fig. 9. s 
TEMPERATURE. RANGE: : = 
Storage & Operating (Junction)... ....0.0 0... eee ee ee eee — -65 t0 200 ——— °C EFFECTIVE CASE TEMP 
LEAD TEMPERATURE (During soldering): 
At distance ® ]/32 in. from seating plane for 10s max.........-. >—— 55 —————_> °C 


Fig. 3 — Current di 
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Transistors 
2N4063 


These devices are avaitable with either 1%- 
uch veads (TOS package) or %-inch ieads 
{TO-39 package). The longerdead versions are 
specified by suffix “LU after the typs num- 
wer, the shorter-lead versions are specified by 
suffix “$"' after the type number. 


3440 differ primarily in their voltage 
2N4064 have the same voltage ratings 

/ 4D respectively, but employ a flange 
2N3440 with a factory-attached heat 
printed-circuit-board applications. 


Ty AR2458. 
TA2470. 
N3439 2N3440 
2N 4063 2N4064 
40390 
450 300 \ 
350 250 Vv 
| 7 V 
1 1 A 
0.5 0.5 A 
10 10(2N3440)  & 
- 10(2N4064) of 
- 3.5(40390) Ww 
1(2N3439) 1(2N3440)  W 
See Fig. 2. 
See Fig. 9. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C 


TEST CONDITIONS LIMITS 


oc pc oc Types Types 
Choracteristic Collector Emitter Current 2N3439 2N3440 
(milliamperes) 2N4064 


< 
fa) 
wo 


galzel< 
oo Ss/o 


=| 

Collector-Catoff Current 
co 
Emitter-Catoff Current | 


DC Forward - Current Transfer Ratio Loe | 
Collector-to-Emitter 

Sustaining Voltage: 

(See Figs.3 &4) Vcrolsus) 

With base open 


< >| >>| >> 


h 


FE 


Base-to-Emitter \ (sat) 
Saturation Voltage BEISe4 

Collecior-to-Emitter Veplsad 
Saturation Voltage 

Small -Signal, Forward-Current 
Transfer Ratio (at 5 MHz) 

Output Capacitance (at ] MHz) : I ee | a 


« 


Second-Breakdown 
Collector Current: 
With base forward biased 


Thermal Resistance: 
Junction-to-Case 


2 nod 
2) al < 


J 
> 


SCAUTION: The sustaining voltage Vorolsus) MUST NOT be measured on a curve tracer. The sustaining voltage 


should be measured by means of the test circuit shown in Fig. 3. 


NT ATSPECIFIED 


i- 


te 
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i 
Hi 


MAXIMUM TRANSISTOR DISSIFRTION 


PERCENTAGE OF RATE: 


Heit in 


Oy 
cs) 2 $0 rm 100 125 150. 175 200 —— 
EFFECTIVE CASE TEMP. OR CASE TEMP (Tere OR Tel— °C -73-50-25 0 25 5O 7S 100 i235 150 [73 200 
gree dine? FREE-AIR TEMPERATURE (Tp,)—°C 


*2LS—1608 


Fig. 2 - Dissipation derating curve for 2N3439, 2N3440, and 40390. 


Fig. 1 — Current derating curve for all types. 


v4 4} °oAZINGODIDD ° AINSI 
PNP LOW LEVEL, LOW NOISE AMPLIFIERS 
-AND HIGH CURRENT SWITCHES 


DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTORS 


e HIGH BREAKDOWN. .....-- —60 AND —30 VOLT (MIN) LV ce9 

* EXCELLENT BETA LINEARITY... FROM 100 #A TO 500 mA paysiGacpislen eons 
¢ LOW NOISE FIGURE .......- 3 dB (MAX) AT 1.0 kHz : hence pactoeiiesiwee 
PLOW Vicia « ser ceca s . «LO VOLT (MAX) AT Ig = 1.0A ' 

© COMPLEMENTARY WITH 2N3567,2N3568, 2N3569 aneee 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Maximum Temperatures 


Storage Temperature —55°C to +125°C 
Operating Junction Temperature 125°C 
Lead Temperature (Soldering, 10 second time limit) 260°C 
Maximum Power Dissipation (Notes 2 and 3) 
Total Dissipation at 25°C Case Temperature i P 0.8 Waitt 
at 25°C Ambient Temperature : 0.35 Watt 
24354 
Maximum Voltages 2N4355 2N4356 
Veso Collector to Base Voltage —60 Volts —80 Volts 
Voto Collector to Emitter Voltage (Note 4) —60 Volts —80 Volts sini: eiicncan ten 
Vie Emitter to Base Voltage —5.0 Volts —5.0 Volts Pie aie 
Sarlayrcegrin 0 fim 
ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 
2N4354 2N4355 2N4356 
SYMBOL CHARACTERISTIC | min. TYP. MAX. | MIN. TYP. MAX. | MIN. TYP. MAX. | UNITS TEST CONDITIONS 
© hee DC Pulse Current Gain (Note 5) 25 110 Ig = 1002A VQp=—10V 
FE DC Pulse Current Gain (Note 5) 40 120 Ip=1mA  Vog=—10V 
hee DC Pulse Current Gain (Note 5) 50 120 io =10mA Vop=—10V 
hee DC Pulse Current Gain (Note 5) 40 115 Ic = 100 mA Veg = —10V 
bee DC Pulse Current Gain (Note 5) 30 =:110 Io = 500 mA Veg = —10V 
Nie High Frequency Current Gain 10 © ©62.0 ; : ; : ‘ f A ig =50mMA Vog=—10V 
(f = 100 MHz) 
BYcBo Collector to Base Breakdown Voltage | —60 Ic = 104A 1, =0 
lo =0 Ip = 10HA 


BY e869 Emitter to Base Breakdown Voltage |—5.0 
Ic =10mA 1,=0 


Veeojsny Collector to Emitter Sustaining —60 
Voltage (Notes 4 and 5) (pulsed) 

Veetsat) Pulsed Collector Saturation Voltage Ip =10A  1,= 100 mA 
(Note 5) 

Vertset) Pulsed Base Saturation Voltage Ip =10A 1, = 100 mA 

. (Note 5) 

Vee(on) Pulsed Base Emitter “ON” Voltage 7 —1.05 —1.20 p= 10A Vp = —1.0V 

(Note 5) 
"Planar Is a patented Fairchild process. 
NOTES: 


(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 

(3) These ratings give # maximum junction temperature of 125°C and junction to case thermal resistance of 125°C/Watt (derating factor of 8.0 mW/°C); junction to ambient thermal 
resistance of 286°C/Watt (derating factor of 3.5 mW/ °C). 

(4) Rating sefers to a high current point where collector to emitter voltage is lowest. 

(5) Pulse Conditions: length = 300 ws; duty cycle = 1%. 

(6) See switching circuit for exact values of Ic, 1e1, and 162. 
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ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL 


Veetsat) 
Vo E[sat) 


BE(sat) 
BE{sat) 


BE{ON) - 


cso 
lego( +75°C) 


liso 

Co, 

Cy 
tN 


tor { 


NF 


‘ig - COLLECTOR CURRENT - mA 


V¢ > COLLECTOR CURRENT - mA 


’Single family characteristic on Transistor Curve Tracer. 


COLLECTOR CHARACTERISTICS® 


CHARACTERISTIC 


Pulsed Collector Saturation Voltage (Note 5) 
Pulsed Collector Saturation Voltage (Note 5) 
Pulsed Base Saturation Voltage (Note 5) 
Pulsed Base Saturation Voltage (Note 5) 
Pulsed Base Emitter “ON” Voltage (Note 5) 
Collector Cutoff Current 

Collector Cutoff Current 

Emitter to Base Current 

Collector to Base Capacitance (f = 1.0 MHz) 
Emitter to Base Capacitance (f = 1.0 MHz) 
Turn-on Time (Note 6) 

Turn-off Time (Note 6) 


Noise Figure (f = 1.0 kHz) 


TYPICAL ELECTRICAL CHARACTERISTICS 


COLLECTOR CHARACTERISTICS® 


Ig * COLLECTOR CURRENT - mA 


Veg > COLLECTOR -EMITTER VOLTAGE - VOLTS 


Veg ~ COLLECTOR -(MITTER 


Vg * COLLECTOR CURRENT + mA 


VOLTAGE - VOLTS. 


» -“0 * s 2.0 “40 +0 “4.0 


TYP. 


COLLECTOR CHARACTERISTICS*® 


ABEEEAREE 
ead 


Veg - COLLECTOR -E£MITTER VOLTAGE - VOLTS 


COLLECTOR CHARACTERISTICS® 


Veg ~ COULCTOR-EMITIEP VOLTAGE - VOLTS 
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Vig = COLLECTOR CURRENT ~ mA 


Vg * COLLECTOR CURRENT - ma 


ee a BORE VENNZ Ia EWE Bet ee 


UNITS TEST CONDITIONS 
Volts Ie =150mA 1, = 15 mA 
Volts Io = 500mA 1, =50mA 
Volts Io = 150mA Ip = 15mA 
Volts Ic = 500mA I, = 50 mA 
Volts io = 500mA Vp = —0.5V 
nA i, =0 - Veg = —50V 
HA I =0 Vcg = —50V 
nA Ip =0 Vig = —4.0V 
pF IL =0 Veg = —10V 
pF c=o Veg = —0.5V 
ns Io = 500mA $4, ~ 50 mA 
ns Io = 500mA |g, = 50mA 
Ip. = —50 mA 
dB Io =1004A Vp = —10V 
R, = 1.0k2 


BASE CHARACTERISTICS® 


© 04 os “Az “16 2.0 
Vag ~ BASE-EMITIER VOLTAGE - VOLTS 


" BASE CHARACTERISTICS® 


eee 
is 
aah; Son 
7? oon 
CCl 

et 
U 
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| 
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Vag ~ BASE-EMITTER VOLTAGE - VOLTS 


FAIRCHILD TRANSISTORS 2N4354 + 2N4355 


ICAL SMALL SIGNAL CHARACTERISTICS (f = 1 kHz) 


SYMBOL CHARACTERISTICS TYP. TEST CONDITIONS 


Input Resistance Io =10mA Veg = —10V 
ho. Output Conductance 75 umho Ic = 10mA Veg = —10V 
hee Voltage Feedback Ratio — 180 X10~¢ Ile =10mA Veg = —10V 
hy, Smal! Signal Current Gain 149 Io = 10mA Vop = —10V 


TYPICAL 25 WATT FOWER AMPLIFIER 
USING THE 2N4354 IN THE DRIVER STAGES 


6 
43pF canes 2N5003* 


Qg 2N3568 


6300 io 


2N3568 
2N3567 10kQ 


S00pF SOV 


° 22t/sov 
\——: 


Q5 2N4354 


ry) 


100k0: 
R,=8.00 


1000 
330K0 2 | 
+ | SopF Sov 


“OR EQUIVALENT SILICON OUTPUT TRANSISTOR 


FAIRCHILD FRANSISTORS 2N4354 * ZN4S99 * 2N4590 


COLLECTOR SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 


Veg!sall - COLLECTOR “EMITTER SATURATION VOLTAGE - VOLTS 


tg - COLLECTOR CLP RENT - mA 


DC PULSE CURSENT GAIN 
VERSUS COLLECTGR CURRENT 


Tee (Ue WU 
Ti Ta TUR 
HCMC RAL 


Digg * OC PULSE CURRENT CAIN 


Ug ~ COLLECTOR CURRENT ~ mA 


CONTOURS OF CONSTANT NARROW 
BAND NOISE FIGURE 


Rg ~ SOURCE RESISTANCE - 80 


Up - COLLECTOR CURRENT - mA 


SWITCHING THIS VERSUS 
COLLECTOR CURRENT 


BASE SATURATION VOLTAGE 
VERSUS -COLLECTOR CURRENT 


Vgcitat ~ BASE-EMITTER SATURATION VOLTAGE - VOLTS 


COLLECTOR CUTOFF CURRENT 
VERSUS REVERSE BIAS VOLTAGE 


lego * COLLECTOR CUTOFF CURRENT ~ nA 


fy > GAIN BANOWIOTH PROOUCT~ wow 


CAPACITANCE + pF 


GAIN BANDVIDTH PRODUCT 
VERSUS COLLECTOR CURRENT 


10 
mw 
» 
Z mEE 
Fils Bi 
et 
i i 
1e@ 62.8 es ae |) a x» mm =m 


Ug ~ COLLECTOR CURRENT - mA 


COMMON DASE OPEN CIRCUIT 
INPUT AD GUTPUT 
CAPACITANCE VERSUS REVERSE 
BIAS VOLTAGE 
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3 via 
3 Ase 
ig 
10 “wo Ik 10% 100% 1m 10M 
1 frequency - Hy 
t, AND t,,, TEST CIRCUIT 
VgB9+3.8V YCCo-30V 
1kQ 602 
TO OSCILLOSCOPE 
UT 2 >100kQ 
-owvLy- ty =10ns 
PULSE SOURCE 
tp, tf < 20ns =— 
Zin = 500 = = 
PW = 1Ous 


DUTY CYCLE <2% 


4-128 


(® 


ABSOLUTE MAXIMUM RATINGS {Note 1] 
Maximum Temperatures 
_ Storage Temperature 
Operating Junction Temperature 
Soldering Temperature (10 second time limit) 


Maximum Power Dissipation 


Total Dissipation at 25°C Case Temperature {Note 2] 
at 75°C Case Temperature {Note 2} 
at 25°C Ambient Temperature [Note 2] 


Maximum Voltages 


Veto 
Veeo 


Vito 


Collector to Base Voltage 


VERY HIGH VOLTAGE (LVcco) -- 150 VOLTS (MinJ 
LOW NOISE FIGURE -- 3.0 dB (Max.) @ 1.0 kHz 
LOW OUTPUT CAPACITANCE (C...) -~- 4.0 pF (Max 
HIGH BETA (he) -- 80-300 @ 10 mA 
EXCELLENT BETA LINEARITY FROM 10 A to 50 mA 


Collector to Emitter Voltage [Note 3} 


Emitter to Base Voltage 


SYMBOL 


Core 
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MANLFACTURED UNDER ONE OR MORE OF THE FOLLOWING U S. PAT 


CHARACTERISTIC 


Collector to Emitter Sustaining Voltage 
Collector to Base Breakdown Voltage 


Narrow Band Noise Figure (f = 100 Ha) 


Narrow Band Noise Figure (f = 1.0 kH2) 


Narrow Band Noise Figure (f = 10 kHz) 


Wide Band Noise Figure 
(f = 10 Hz to 10 kHz) 


Narrow Band Noise Figure (f = 1.0 MHz 


DC Pulse Current Gain (Note 4] 
DC Pulse Current Gain {Note 4] 
DC Pulse Current Gain {Note 4) 


Common-Base, Open Circuit Output 
Capacitance (f = 1.0 MH2 


SILICON PLA 


—55°C to +125°C 
+125°C 
+ 260°C 


0.8 Watt 
0.4 Watt 
0.3 Watt 


—150 Volts 
—150 Volts 
—6.0 Volts 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


2N4889 
MIN. TYP. MAX. 


2N4888 


MIN. TYP. MAX. UNITS 


—150 Volts 
—150 —150 Volts 
3.0 10 4B 
0.8 3.0 oB 
15 3.0 4B 
2.0 40 «B 
2.0 40 4B 
30 60 135 
30040 70 «150 
40 45 400 80 150 300 
25 4.0 2.5 40 pF 


tar 


COPYRIGHT FAIRCHILD SEMICONDUCTOR 1967 * PRINTED IN USA. 2320-162-17 30M 
ENTS: 291877, 3015048, 3025589, 3954167, 3108359, 3117260: OTHER FATENTS FFNDING 
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Hi Paes 


* Planar is a patented Fairchild process. 
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Fochage senght 6 O68 gram 


TEST CONDITIONS 


le =2.0mA 1L=0 

Ic =100nA be =0 

c= 250 pA Vee = -5.0V 
Rs = 1.0k9 B.W. = 15 Hz 


Ic = 30 vA Va = -5.0V 
Rs = 10 ko B.W. = 150 Hz 
le = 250 pA Vee = -5.0V 
Rs = 1.0k9 B.W. = 1.5 kHz 
¢ = 250 yA Vee = —S0V 
Rs = 1.0k9 BW. = 15.7 kHz 
lc = LOMA Vee = —10V 
Rs = 1.0k9 B.W. = 2.0 kHz 
te = 100 pA Vee = —10V 


Ie = 1.0 mA Vo = —10¥ 
le = 10mA Vee = —-10V 
Vo = —20V 


IL =0 
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2N4689 
TYPICAL ELECTRICAL CHARACTERISTICS 


A CONTOURS OF CONSTANT NOISE FIGURE VERSUS CONTOURS OF CONSTANT CONTOURS OF CONSTANT 
VIDE BAND NOISE FIGURE COLLECTOR CURRENT NARROW BAND NOISE FIGURE NARROW BAND NOISE FIGURE 
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My + SOURCE RESISTANCE - Ones 


0.2 
ig > COLLECTOR CURRENT - ma ig ~ COULECIOR CURRENT - mA 


ig ~ COULECIOR CURRENT - ma Ig ~ COLLECTOR CURRENT - pA 


CONTOURS OF CONSTANT CONTOURS OF CONSTANT SPOT NOISE FIGURE 
NARROW BAND NOISE FIGURE NARROW BAND NOISE FIGURE VERSUS FREQUENCY 
mor 
s] 
SERSUSINES 
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@ SIGNAL CHARACTERISTICS (f = 1.0 kHz) 


2N4888 2N4889 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 

he Small Signal Current Gain . 30 40 500 65 150 400 lc =1.0mA Vee = —10V 
hi. Input Resistance 0.75 12 20 17-50 12 ko lc =1.0mA Ve = —10V 
Nee Output Conductance 14 25 40 3.0 10 25 ymbhos Ic = 1.0mA Vee = —10V 
he Voltage Feedback Ratio 1.0 25 5.0 x10- lc = 1.0mA Vee = —10V 

COMMON EMITTER COMMON EMITTER COMMON EMITTER 

CHARACTERISTICS CHARACTERISTICS VERSUS CHARACTERISTICS VERSUS 

VERSUS COLLECTOR CURRENT ‘5 COLLECTOR-EMITTER VOLTAGE TEMPERATURE 
. is 


¢ 1.0m 


oF 


CHARACIERISIICS RELAIIVE 10 VALUE AT I, * 23°C 


CHARACTERISTICS RELATIVE 10 VALUE AT Veg * *10¥ 


2 
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CHARACTERISTICS RELATIVE TO VALUE AT 1 


T, - AMBIENT EMPLRATURE - "C 
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TYPICAL ELECTRICAL CHARACTERISTICS 
DC PULSE.CURRENT GAIN 
COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* VERSUS COLLECTOR CURRENT 
“a 4 x0 


te + COUCION CuRmUM ma 
' ~ COLLECTOR CURRENT = mA 
le* ars CURRENT = mA 

hyp * DC PULSE CURRENT GAIN 


* 02 04 Df O08 -LO “a 4.621 05-10 7) 
Veg ~ COLLECIOR-EMUTIER VOLIAGE = VOLTS Veg ~ COLLECTOR-LMITIER VOLTAGE - VOLTS Veg ~ COUECTOR-{MITIER VOLTAGE - VOLTS te ~ COUECIOR CURRENT = mA 
‘ BASE-EMITTER ON VOLTAGE 
COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* VERSUS COLLECTOR CURRENT 
“1.0 “1.0 : 
x 
§ 
P <° + -#, 
. y 
= g 
B ‘ * ie 
s 
5 8 M 
m5 re 3 
Fs - z x 
)@ * Coo 
\ . 22 06 08 oF 10 r) ~0 ery cn PY 0.1 1.0 a ny 
Voq ~ COLECIOR-LMITTER VOLTAGE ~ VOLTS Vcg ~ COLLECIOR-EMITTER VOLTAGE = VOLTS Veg ~ COULCTOR-{MITTER VOLTAGE - VOLTS ig” COLLECTOR CURRENT = mA 
2N4888 © 2N4889 
COLLECTOR SATURATION VOLTAGE BASE SATURATION VOLTAGE COLLECTOR CUTOFF CURRENT COLLECTOR CUTOFF CURRENT 
VERSUS COLLECTOR CURRENT VERSUS COLLECTOR CURRENT VERSUS AMBIENT TEMPERATURE VERSUS REVERSE BIAS VOLTAGE 
0.0 1.0 , 5 
H Lt A mati et te : 
0.06 , 09 ll as 10 ‘ 
z : a : E 
Bou 8 8 {Tit tT iv S 01 Fa 
: : PTT AY § ee 
ee Bes wan ae s 
J a oH & 
3 3 g s 
E ace 3 0.6 Hil ie 2 
} oth? , 
A) ] 0.5 il Lt 0 on! 
41 O05 -1.0 4.0 - 4 0.) 05 -1.0 5.0 -10 ~*~ a » 
Vg > COLLECTOR CURRENT - mA Ie + COWLECIOR CURRINI - mA Ty ~ AMBIENT TEMPLRATURE - °C Veg ~ REVERS BIAS VOLTAGE = VOLTS 
INPUT AND OUTPUT 
CAPACITANCES VERSUS CONTOURS OF CONSTANT GAIN Ton — Toff 
REVERSE BIAS VOLTAGES BANCWIDTH PRODUCT (f,) 
; SWITCHING CIRCUIT 
Yec 
-150¥ 
“7 7 O.1pF tg = S0mA O.1yF 
-7.5V 1g) = 'g2=5.OmA ” ; al: To Sampling Scope 
2ys<PW< 20us é 


2 Z)n21.0M0 


SAA Ke 2nqaes Input Capacitance’ 6 OpF 


tonttyp!) = 10008 
tore'typ) = 75008 


Veg = REVERS BIAS VARIA - VOLTS Ig - COULECIOR CLPRENT- mA 


Yee. 
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BD ccrsicn CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


2N4888 2N4889 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 


leao Collector Cutoff Current 0.7 50 0.7 10 oA Va = —-100V I =0 
Icon (65°C) ~=—- Collector Cutoff Current 0.01 25 0.01 05 »A co =—-100V k =0 
Vee (sat) halted eee Saturation Voltage —0.1 -0.5 -—0.1-05 Volts le=10mA k= 1.0mA 
ote 
BY evo Emitter to Base 3reakdown Voltage —6.0 —6.0 Volts le=10,A Ie =0 
leso Emitter Cutoff Current 04 50 0.4 10 nA Vo=-~-4.0V Ile =0 
Vor (on) Pulsed Base Emit:er On Voltage {Note 4] —0.66 —0.8 —0.59 —0.7 Volts le =1.0mA Va = -10V 
Vox (sat) Pulsed Base Satu. ation Voltage [Note 4] —0.74 -0.9 ~0.74-0.9 Volts le =10mA 1,=1.0mA 
Cite Common-Base, Open-Circuit Input ll 30 ll 25 pF Vo = —-05V I=0 
Capacitance 
he High Frequency Current Gain (f. = 20 MHz) 15 18 80 2.0 i ‘ Ie = 1.0mMA Va = —10V 


NOTES: ; 

(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 4 : . 

(2) These ratings give a maximum junction temperature of 125°C and junction to case thermal resistance of 125°C/Watt (derating factor of 8.0 mW/°C); junction to ambient thermal 
resistance of 333°C /Watt (derating factor of 3.0 mW/°C). . . ; : ee ness 

(3) This rating refers to a high current point where collector to emitter voltage is lowest. For more information send for Fairchilé Publication APP-4/2. 


(4) Pulse Conditions: length = 300 ws; duty cycle = 1%. 


2N4888 
TYPICAL ELECTRICAL CHARACTERISTICS 
DC PULSE CURRENT GAIN 


COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* VERSUS COLLECTOR CURRENT 
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lig * BOLLEGIOR CURRENT = mA 
Mpp * DC PULSE CURRENT GAIN 
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° 8.2 Be | 0.4 0.8 1.6 ° -O 2 -120 100 -70 
Vor - COLLECIOR EMIETER VOLIACE - VOLTS Vez - COLLECIOR-AMITTER VOLTACE - VOLTS Vor = COLLECTOR-EAUtHER VOLIAGE - VOUS te - COLLECTOR CURRENT - mA 


BASE-EMITTER ON VOLTAGE 
COLLECTOR CHARACTERISTICS* ~ COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* VERSUS COLLECTOR CURRENT 
1.0 [= : 


Ee 


rere] | Soe 
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Ie * COLLECTOR CURRENT - 


“@.. CURPENT + mA 
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i + COLULCTOR CURRENT 


Vacion! + BASE TO EMIT IER ON VOLIACE - VOLIS 


e 02 4 06 8 “Le 


Veg - COUCIOSIMIITR VTA - VTS Veg ~ COLLECTOR (MINER VOLIAGL - wars Veg ~ COLLLCIOR-EMIIRR VOLIAGE - VOLTS Ve - COULLCIOR CLERINT - ma 


* Single family characteristic on Transistor Curve Tracer. 2 


EQUIVALENT CIRCUIT 


™ GATE DRAIN The 2N4416 and 2N4417 transistors NOTES: 
are identical in every respect except for 1. The above equations are accurate to about 1 
their respective package configurations. GHz and are good for both the 2N4416 and 
Therefore capacitance values for Cu, 2N4417 Field Effect Transistors. 
Cy ane Ci should be set equal to zero, 2. The case is connected to the source for the 
in equation 1 through 4, when comput- common suurce configuration and to the gate 
ing the y parameters for the 2N4417. for common gate operation. 
All of the other circuit component 3.C,,, C,, and C,, are pin to case capacitances 
values are the same for both devices. for the TO-72 header C,, ~ 0.6 pF. C,, = 06 
Typical component values for Cys, Cea, pF,C,, ~ 0.7 pF. 


Zum, and gz, may be obtained for any set 4.C,, = 0.1 pF. 
of bias conditions, from the curves. H : 


Approximate smull signal equivalent circuit for 5.r. ~ 24 ohms for both the 2N44]6 and 2N- 
phe 2NGs16 Diehl Elect “aransistor 1. Vis = 1 Ju(C., 7 C,.)F + julC,, + C,. + ’ 4417 Field Effect Transistors. 

GATE DRAIN Cy) 

PINS f° -8m = lyralat 1000 Hz. 


i] 


4) i eat) 2.9, —w? Cig (C., + Cyy) ty —J0 Cyg 
' 
| | 2.Y,,~8,, —e7C,y (C,, + C,4) ry Teese ly,,] at 1000 Hz. 
Vv, Vv: a Ce pers n . f 
i i ” — | ’ JelCyy + (Cpe + Cea) Te El 8. All references to 2N4416,are applicable to 
— 4.Y,. = By + WC) a, + jo(C, + Cy + 2N4416A. 


SOURCE F 
PIN! Small signal common source y param- 


Approximate smal! signal equivalent circuit for eter equations for the 2N4416 and 2N- 
the 2N4417 Field Effect Transistor. 4417 Field Effect Transistors. 
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' 
| 1000 pF | 27 pF _| 
INPUT \ ~ R Tone 1000 pF_{ 27 pF 1. Amplifier used to measure power gain and 
Be cas! 4 y 7 noise figure. 
! . L Z 3 ed ivalent Source resistance 
'S SHIELD c4 1.0-12 pF| 0.8-8 pF] 2. Transformed equivalen 
a side ‘oh ea a See oF (Rg’) is 1000 9 at 100 MHz for 100 MHz 
3] . se 1.0-12 pF| 0.8-8 pF amplifier, and 1000 @ at 400 MHz for 400 ' 
L_----~-=44],-- ~----$---&JI------ 0.0015 pF} 0.001 uF MHz amplifier. 
- i ee | | 0.0015 FI xF| 0.001 uF} uF 3. When using 2N4416, pin 4 (case) should 
coon | osm ie 
=e cies 4. All references to 2N4416 are applicable to 
pene NAGA, 
a 
Vas<OVOLTS 
100 MHz & 400 MHz NEUTRALIZED AMPLIFIER 
FIGURE 22 
MECHANICAL DATA | 
All dimensions in inches unless otherwise noted 
2N4416-16A: JEDEC TO-72 - ; 2N4417: Union Carbide CC-3 
S208 Sze OA p 
1 ee 
MIN. 2 
TERMINAL 
' CONNECTIONS 
BOTTOM VIEW 1—Source 
2—Drain 
3—Gate 
4--Case 
cNl Ss PRINTED IN U.S.A. 
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ELECTRICAL CHARACTERISTICS 
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Vos = 15 V, Ves =.9. 
{ = 100 MHz 
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f = 400 MHz 


Vos = 15 V,I, = 5mA, 
= 400 MHz (See Fig. 1) 


Vos = 15 V,1, = 5 mA, 
f = 100 MHz (See Fig. 22) 


Vos = 15 V,1, = 5 mA, 
f = 400 MHz (See Fig. 22) 
R, = 1000 ohms 
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f = 100 MHz (See Fig. 22) 
R, = 1000 ohms 
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@ PNP HIGH-SPEED SWITCH AND RF AMPLIFIER = 


DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTORS 


+ HIGH BETA (hee) -- 150 to 300 @ 10 mA 

+ HIGH FREQUENCY (f,)-- 450 MHz Min. @ 10 mA . sa oa 
+ EXCELLENT RF. PERFORMANCE (r,’C.)--50 ps Max. 
+ LOW CAPACITANCE (C...)-- 4.5 pF fax. 

+ LOW NOISE (100 MHz N-F.)-- 6.0 dB Max. 


\BSOLUTE MAXIMUM RATINGS [Note 1] 


Maximum Temperatures Kee — 
Storage Temperature : —55°C to +125 
Operating Junction Temperature oo + 125°C Maximum 
Lead Temperature (Soldering, 10 sec time limit) : . + 260°C Maximum 

Maximum Power Dissipation ” | te — 


Total Dissipation at 25°C Case Temperature [Notes 2 and 3) 0.5 W 
at 25°C Ambient Temperature {Notes 2 and 3] 0.2 Watt 


' Maximum Voltages and Current ‘ 
Vero _—Collector to Base Voltage ; —30 Volts 
Vero Collector to Emitter Voltage [Note 4] — 30 Volts 
Viso _— Emitter to Base Voltage —5.0 Volts 
le Collector Current 100 mA asec 
All leads electrically solsted trom caw 
Package weght a 03) gram 
MCAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) O 
2N4916 2N4917 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 
hee DC Current Gain 40 70 100 150 1 = 100 yA Ve = —1.0V 
Nee DC Current Gain 60 100 150 200 lc = 1.0mA Vee = —1.0V 
hee DC Pulse Current Gain {Note 5] 70 150 200 150 200 300 tt =10mA Ve = —1.0V 
tee DC Pulse Current Gain [Note 5} 15 30 30 * 60 le =50mA Vee = —1.0V 
Vee (sat) . Collector Saturation Voltage —0.07 —0.13 =0.07 —0.13 Voits lc=J.0mA t= 0.1mA 
Vee (sat) Pulsed Collector Saturation —-0.1 —0.14 —0.1 —0.14 Volts tc=10mA 1,=1.0mA 
Voltage [Note 5} 
Vee (sat) Pulsed Collector Saturation -0.2 -03 -02 —03 Volts Ic=5O0mA It, = 5.0mA 
Voltage [Note 5} 
Var (sat) Base Saturation Voltage —0.65 —0.75 —0.65 —0.75 Volts le =1.0mA 1,=0.1 mA 
Var (sat) Fused ‘a Saturation Voltage -0.7 -0.77 -0.9 -—07 -077 -09 Volts le=10mA 1, =1.0mA 
Note ~ A 
Var (sat) Se rer Saturation Voltage -—0.75 —088 —-1.1 —0.75 -088 —-1l Volts te =50mA b=5.0mA 
Note a 
toa Turn On Time [Note 6] 20 40 : 20 40 ns Ilo 50 mA ta, ~~ 5.0mA 
tore Turn Off Time [Note 6] 95 150 95 150 ns Ic = 56 mA fe = our i 
j - = -5.0m 
he High Frequency Current Gain 4.0 5.5 45 6.0 lc = 10mA Vex = -20V 
(f = 100 MHz) y9 : - 


——— oor" 
" Planar is a patented Fairchild process. 


NOTES: 
(1) These ratings are limiting values above which the serviceability of any indiv jual semiconductor device may be impaired. 
(2) These are steady state limits. The factory should be consulted on applicatic 1s involving pulsed or low duty cycle operations. 
(3) These ratings give a maximum junction temperature of 125°C and junction to case thermal resistance of 200°C/Watt (derating factor of 5.0 mW/*C); 
junction to ambient thermal resistance of 500°C/Watt (derating factor of 2.0 mWw/*C). : 
(4) This rating refers to a high-current point where collectar to emitter voltage is lowest. 
(5) Pulse Conditions: tength = 300 ws; duty cycle = 1%. 
(6) See switching circuit for exact values of f¢, 1,, and 4). : 
q@) » Bandwidth of 15.7 kHz with 3 dB points at 10 Hz and 10 kHz. 
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FAINLAILD TRANSISTORS 2N4916°2N4917 , | 
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ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


 2N4916 2N4917 
MIN. 


CHARACTERISTIC MIN.” TYP. MAX Typ. max, UNITS TEST CONDITIONS 


SYMBOL 


Vero (sust) Collector to Emitter Sustaining —30 —30 Volts Ic=10mA t=0 
Voltage [Notes 4 and 5} (pulsed) 
BV cao Collector to Base Breakdown —30 -30 Volts Ile=10pA =O 
Voltage 
BY ces Collector to Emitter Breakdown -30 —30 Volts Ile=10yA Va =0 
Voltage 
BV eso Emitter to Base Breakdown —5.0 —5.0 Volis Ic =0 le = 10 yA 
oltage 
lees Collector Reverse Current 25 25 nA Ve = —15V Van = 0 
leas (65°C) Collector Reverse Current 25 25 pA Vee = —15V Va = 
Cees Open Circuit Output Capacitance 2.2 4.5 22 4.5 pF I = 0 Va= —10V 
Cree Open Circuit Input Capacitance 4.0 8.0 4.0 8.0 pF lc = Ve = —O.5V 
re’ C. prilecter-Base Time Constant 50 50 ps le =10mA Va = ~20V 
= 80 MHz) 
NF Noise Figure (f = 100 Hz) 3.5 6.0 35 6.0 dB le = 1.0MA Vee = —5.0V 
A Rs = 1002 BW = 15 MHz 
NF Noise Figure [Note 7} 2.5 4.0 25 40 dB ke = Hea Va = —5.0V 
$=. 1, 


TYPICAL ELECTRICAL CHARACTERISTICS 


% COLLECTOR-EMITTER 
DC PULSED CURRENT GAIN SATURATION VOLTAGE VERSUS BASE SATURATION VOLTAGE 


VERSUS COLLECTOR CURRENT COLLECTOR CURRENT VERSUS COLLECTOR CURRENT 
TT TT TT : 
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ig ~ COLLECTOR CURRENT - mA > Ig - COLLECTOR CURRENT - mA fg = COLLECTOR CURRENT - mA 
INPUT AND OUTPUT 
SWITCHING TIMES VERSUS CAPACITANCES VERSUS CONTOURS OF CONSTANT GAIN 
COLLECTOR CURRENT ‘ REVERSE BIAS VOLTAGE BANDWITH PRODUCT (f,) 
Dp 
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COLLECTOR REVERSE CURRENT . NOISE FIGURE 
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e HIGH POWER. 2.2 2 eee ence eee 50 WATTS @ T—- = 50°C, V4, = 40V 
@ HIGHVOLTAGE: «cee cceees rete ee es 80 V (MIN) L¥cgg PHYSICAL DIMENSIONS 
e HIGH CURRENT SATURATION VOLTAGE . . . . 1.5 V (MAX) V.,(sat) @ 5.0A (in accordance with JEDEC TO-59 outline) 
@ HIGHIFREQUENGY o:ac.s62 esha eS oe: eect 60 AND 70 THz (MIN) f, ~ 
e BETA GUARANTEED @3 POINTS.....-.. 50 mA, 255A AND5.0A oe “ % 
e ISOLATED COLLECTOR PACKAGE.......-. NO ISOLATING HARDWARE REQUIRED? eon \ 
e DISCRETE EMITTER GEOMETRY WITH INTEGRATED PEEDERUM AES SIRS oe \A 
oe AY ao 
Se 
v% : or 
ABSOLUTE MAXIMUM RATINGS (Note 1) , 0 9a, Cottector 
: atta! wv eee leac No 3 
Maximum Temperatures . pet Ee 
Storage Temperature cae - 43 ze --65°C to +200°C 
Operating Junction Temperature ner ~-65°C to +200°C 
Lead Temperature (Soldering, 60 second time limit) +300°C 
Maximum Power Dissipation 
Total Dissipation at 50°C Case Temperature, V., = 40V 50 Watts 
(See Maximum Permissible Power Curve and Note 4) ae 
u 
Maximum Voltages and Current 2A TEEGRTED) 
Voes Collector to Emitter Voltage 100 Volts eer inlitainctabey avackes 
Veto Collector to Emitter Voltage (Note 2) 80 Volts eee eet tom cane 
Vero Emitter to Base Voltage 6.0 Volts NR) a tee, 
Ie Collector Current 5.0 Amps 


ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted) 


SYMBOL - CHARACTERISTIC 


80 
100 
6.0 


Collector to Emitter Sustaining Voltage (Notes 2 and 3) 
Collector to Emitter Breakdown Voltage 


Veeo(sust) 
BVces 
BViso Emitter to Base Breakdown Voltage 
DC Pulse Current Gain (Note 3) 
- DC Pulse Current Gain (Note 3) 
DC Pulse Current Gain (Note 3) 
DC Pulse Current Gain (Note 3) f 
High Frequency Current Gain ({ = 20 MHz) 
Pulsed Collector Saturation Voltage (Note 3) 
Pulsed Collector Saturation Voltage (Note 3) 


Vc_(sat) 
Voz(sat) 


Additional Electrical Characteristics on page 2 
Notes on page 2 
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MIN. 


2N5004 
MAX. MIN. TYP. 


2N5002 


TYP. MAX. UNITS TEST CONDITIONS 


Volts 
Volts 
Volts 


Ie = 100 mA 
Io = 1.0 mA 
Ic =0 

Io = 50 mA 
1, =2.5A 
Io =25A 
Io = 5.0A 
1, =0.5A 
Io = 254A 
Io = 5.0A 


0.75 
15 


Volts 
Volts 


*Planar is a patented Fairchild process. 


AoC INE DJ Gls aK 
2, TWX: 910-375-6425 ‘o Cia vaidiin tens 


\ 


TRANSISTORS 4 


ECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted) 


2N5002 2N5004 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 

Vae(sat) Pulsed Base Saturation Voltage (Note 3) 1.16 1.45 1.16 1.45 Volts I-=2.5A 1, = 0.25A 

Vp_(sat) Pulsed Base Saturation Voltage (Note 3) 1.50 22 1.50 2.2 Volts Ip =5.0A 1, =0.5A 

Vy_(on) Pulsed Base Emitter “ON” Voltage (Note 3) 1.45 1.45 Volts !.=2.5A Veg = 5.0V 

Ices Collector Cutoff Current 0.007. 1.0 0.007 1.0 4wA Veg = 60V Vig = 0 

leo Emitter Cutoff Current 1.0 10 «2A Ic =0 Veg = 9.0V 

logy (150°C) Collector Reverse Current 500 500 ywA VQy=60V Vep=2.0V | 

Ci Collector to Base Capacitance 90 3=—. 250 90 250 pF i; =0 Vc, = 10V 
NOTES: 


(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) This rating refers to a high cursent point where collector to emitter voltage is lowest. For more information send for Fairchild Publication APP-4/2. 
(3) Pulse Conditions: length == 300s; duty cycle = 1%. 

(4) Contact factory for maximum permissible power under pulsed or reverse biased operating conditions. 
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FAIRCHILD TRANSISTORS 2N5002 + 2N5004 


COLLECTOR CHARACTERISTICS® 
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BASE CHARACTERISTICS® 
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TYPICAL ELECTRICAL CHARACTERISTICS 
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COLLECTOR CHARACTERISTICS* 
SATURATION REGION 
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COLLECTOR TO BASE CAPACITANCE 
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TYPICAL ELECTRICAL CHARACTERISTICS 


2N5002 
COLLECTOR CHARACTERISTICS® COLLECTOR CHARACTERISTICS® COLLECTOR CHARACTERISTICS* 
ACTIVE REGION ACTIVE REGION 
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*Single Family Characteristics on Transistor Curve Tracer. 
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FEATURES 


* HIGH POWER --50 WATTS @ 1. = 50°C, Vo, =— 40V 

HIGH VOLTAGE -- —80V (MIN) LVcco 

© HIGH CURRENT SAT. VOLTAGE - —1.5V (MAX) Vo;(sat) @ 5.0A 

¢ HIGH FREQUENCY -- 60 AND 70 MHz (MIN) f, 

* BETA GUARANTEED @ 3 POINTS --50 mA, 2.5A AND 5.0A 

ISOLATED COLLECTOR PACKAGE -- NO ISOLATING HARDWARE REQUIRED 
DISCRETE EMITTER GEOMETRY WITH INTEGRATED FEEDBACK RESISTORS 


“ABSOLUTE MAXIMUM RATINGS (Note 1) 


Maximum Temperatures 
Storage Temperature 
Operating Junction Temperature 
Lead Temperature (Soldering, 60 seconds time Jimit) 


Maximum Power Dissipation : 
Total Dissipation at 50°C Case Temperature, V., =— 40V 
(See Maximum Permissible Power Curve and Note 4) 


Maximum Voltages and Current 


VceEs Collector to Emitter Voltage 

c ) Voto Collector to Emitter Voltage (Note 2) 
Veo Emitter to Base Voltage 
Ie Collector Current 


i 


65°C to +200°C 
— 65°C to +200°C 


ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted) 


SYMBOL CHARACTERISTIC 
Veeo(sust) Collector to Emitter Sustaining Vol!age (Notes 2 and 3) 
BV ces Collector to Emitter Breakdown Voltage 
BVego Emitter to Base Breakdown Voltage 
DC Pulse Current Gain (Note 3) 


Nee DC Pulse Current Gain (Note 3) 
hee(—-55°C) DC Pulse Current Gain (Note 3) 
DC Pulse Current Gain (Note 3) 


High Frequency Current Gain (f = 20 MHz) * 
Vog(sat) Pulsed Collector Saturation Voltage (Note 3) 
Vo, (sat) Pulsed Collector Saturation Voltage (Note 3) 


Additional Electrical Characteristics on page 2 


2N5003 
MIN. TYP. MAX 


3.05 4.05 
—0.45 -0.75 
-0.9 -15 


ey J welces 


@ebib es awa 


SEE 2NS5002 + 2N5004 FOR NPN COMPLE: ERT 


+300°C 


50 Watts 


~— 100 Volts 
— 80 Volts 
— 5.5 Volts 

5.0 Amps 


2N5005 
MIN. TYP. MAX. 


~ 133 
114 200 
90 
77 
3.5 4.85 
—0.45 —0.75 
-0.9 —-15 
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PHYSICAL DIMENSIONS 
(in accordance with JEDEC T0-59 outline) 


Emitter 
Lead No.1 


10.32 UNF 
2A THD (COATED) 


IT 


Collector 
lead No 3 


NOTES Ali @omensions om menos 
All lea@s @iectrically ssotaled from case 
Pochage weght 1s 6 44 grams 


UNITS TEST CONDITIONS 


Volts 1. 100 mA 
Volts I. =1.0mA 
Volts 1. =0 
I, = 50 mA 
Ie =2.5A 
1, =2.5A 
Igo =5.0A 
Io =0.5A 
Volts 1 =2.5A 
Volts 1, =5.0A 


1,=0 
Vee = 0 

te = 1.0 mA 
Vog = — 5.0V 
Veg = — 5.0V 
Veg = —5.0V 
Veg = — 5.0V 
Vop = — 5.0V 
I, = 0.25A 
1,=—0.5A 


*Planar is a patented Fairchild process. 
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| FAIRCHILD TRANSISTORS 2N5003 + 2N5005 


ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted) 


2N5003 2N5005 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 

Vp_ (sat) Pulsed Base Saturation Voltage (Note 3) —1.) -1.45 —-1.1 -145 Volts I, =2.5A 1, == 0.25A 

Vac (sat) Pulsed Base Saturation Voltage (Note 3) —1.55 -—2.2 -1.55 —2.2 Volts I, =5.0A I, =O.5A 

V,_e(on) Pulsed Base Emitter “ON” Voltage (Note 3) : —1.45 -145 Volts {§=2.5A Veg =—5.0V 

lees Collector Cutoff Current 0.006 1.0 0.006 1.0 vA Vop = —60V Vp, =0 

leso Emitter Cutoff Current 1.0 1.0 BA I; =0 Veg = 4.0V 

legx(150°C) — Collector Reverse Current . §00 500 vA Vp = —-60V Vy = 2.0V 

Ca, Collector to Base Capacitance 170 = 250 170 = 250 pF sag = 0 Veg = —10V 
NOTES: 


(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) This rating refers to a high current point where collector to emitter voltage is lowest. For more information send for Fairchild Publication APP-4/2. 
(3) Pulse Conditions: Jength = 300us; duty cycle = 1%. 

(4) Contact factory for maximum permissible power under pulsed or reverse biased operating conditions. 


MAXIMUM PERMISSIBLE DC FORWARD BIASED POWER DISSIPATION 
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FAIRCHILD TRANSISTORS 2N5003 +» 2N5005 


TYPICAL ELECTRICAL CHARACTERISTICS 
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NPN HIGH-SPEED SATURATED SWITCH 


DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTOR 
® HIGH FREQUENCY CURRENT GAIN... f, == 400 MHz (MIN) Higa HIFENSIONE 
» LOW CAPACITANCE... +..20++2+ 0, =4 PF (MAX) In accordance with JEDEC (TO-106) outline 
e LOW CHARGE STORAGE TIME... ... 7g = 18 ns (MAX) : 


LOW Veg(sat).. 2 eee eee eee ee = G2 VOLT (BAX) AT 10 mA 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
Maximum Temperatures 


Storage Temperature --55°C to +125°C 
Operating Junction Temperature 125°C Maximum 
Lead Temperature (Soldering, 10 second time limit) 260°C Maximum 
Maximum Power Dissipation 
Tota! Dissipation at 25°C Case Temperature (Notes 2 and 3) 0.5 Watt 
at 25°C Ambient Temperature 0.2 Watt 
Maximum Voltages and Current sy rng 
Veso Collector to Base Voltage 20 Volts 
Ves Collector to Emitter Voltage 20 Volts 
Vero Collector to Emitter Voltage 10 Volts - 
Ves0 Emitter to Base Voltage : 3.5 Volts 
Ie Collector Current (10 us Pulse) 500 mA 
le DC Collector Current 100 mA NOTES: au dimensions in inches 
AN leads electrically isolated from case 


Pachage weightis 0.3) gram Package 
és electrically non-conductive material 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL CHARACTERISTICS TEST CONDITIONS 


DC Pulse Current Gain (Note 5) Io =10mA Veg = 1.0V 
DC Pulse Current Gain (Note 5) I. = 30 mA Veg = O4V 
FE DC Pulse Current Gain (Note 5) Ic = 100 mA Veg = 1.0V 
Vae(sat) Base Saturation Voltage A to = 10mA I, = 1.0mA 
Vpe(sat) Base Saturation Voltage 85° Ic = 10 mA 1, = 3.3 mA 
Voe(sat) Base Saturation Voltage Ic = 30 mA |, = 3.0 mA 
Vog (sat) Base Saturation Voltage 1c = 100 mA 1, = 10 mA 
Ve, (sat) Collector Saturation Voltage i Ic = 10 mA. 1, = 1.0 mA 
Vop(sat) Collector Saturation Voltage F Ic = 10 mA 1, = 3.3 mA 
Vo, (sat) Collector Saturation Voltage ; ‘ Ic = 30 mA 1, = 3.0 mA 


Veg(sat) (4+65°C) Collector Saturation Voltage i 2 Io = 10 mA I, = 1.0 mA 
1, = 10mA 


hee 
hee 


Vo, (sat) Collector Saturation Voltage H Ic = 100 mA 
hy, High Frequency Current Gain (f= 100 MHz) 5 » Ig =10mA Veg = 10V 


Collector-Base Capacitance I; =0 Vo, = 5.0V 
lees Collector Reverse Current . Veg = 15V Vee = 0 
lego (65°C) Collector Cutoff Current dl I;=0 Vog = 15V 
BY ces Collector to Emitter Breakdown Voltage to = 10 pA. Veg = 9 
BYcao Collector to Base Breakdown Voltage Io =10 pA 1, =0 
Vero (sust) Collector to Emitter Sustaining Voltage (Notes 4 and 5) Ic = 10 mA (pulsed) I, = 0 
Emitter to Base Breakdown Voltage . Ic =0 I; = 10 pA 
Charge Storage Time Constant (Note 6) : dl Io = Ig, = 10 mA, I,, = —10 mA 
Turn On Time (Note 6) 4 Ig = 10 mA, ty, = 3.3 mA 
Turn Off Time (Note 6) . 0. Io = 10 mA, Ip, = 3.3 mA, 

Ig. & —3.3 mA 


‘cb 


*Planar is a patented Fairchild process. 
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“FAIRCHILD TRANSISIOWZNOTS4 


CHARGE STORAGE TIME MEASUREMENT CIRCUIT 


‘Ane 8900 01 1kQ 


0 Vv 
. in +6V ~+—— 10% Pulse waveform 
in o—t at point ‘A’ 
ag -4y ——l 


Pulse Generator 

Vin Rise Time < 1 ns 
Source Impedance = 50Q 
Pw > 300 ns 

Duty Cycle <2% 


10% 


J 


To Sampling Oscilloscope 
Input Impedance = 50Q 
Rise Time < l ns 


ton — tops MEASUREMENT CIRCUIT 


2209 0.1eF 


10% 


90% 


“aad toff 


Vgpe +12.0V 
Vin = -20.9V 


Pulse Generator 

Vin Rise Time <1 ns 
Source Impedance = 50Q 
Pw 2300 ns 

Duty Cycle <2% 


To Sampling Oscilloscope 
Input Impedance = 50Q 
Rise Time <1 ns 


CIRCUIT FOR MEASUREMENT OF PROPAGATION DELAY 


---- Fie foo 
5102 $5100 5102 


faa 
Pulse Generator L 
t, < O5ns 
Zz. = 500 8 STAGES WAVEFORM 2 
bd =a Waveforms 1 and 2 Superimposed 
~ ,_ tatty » . 


tpd = 


' 20 


Average Propagation per Transistor 


ROTES: oN 


(1) These ratings ate limiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 

(3) These ratings give a maximum junction temperature of 125°C and junction to case thermal resistance of 200°C/Watt (derating factor of 5.0 mW/°C). Junction to ambient 
thermal resistance of 500°C/Yiatt (derating factor of 2.0 mW/°C). 

(4) Rating refers to # high-cusrent point where collector to emitter vollage is lowest. 

(5) Pulse Conditions: length = 300 ps; duly cycle = 1%. 

(6) See switching circuits for exact value of f, Ig,, and I,,- 


4-182 


e@ 


HIGH BETA... .... hye = 150 (TYP) AT 10 mA 

* HIGH FREQUENCY . . . f, = 500 MHz (TYP) AT 10 mA 
LOW CAPACITANCE... C,, = 2.2 pF (TYP) 

HIGH VOLTAGE... . . LV.¢¢ = 20 VOLTS (MIN) 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Maximum Temperatures 
Storage Temperature 
Operating Junction Temperature 
Lead Temperature (Soldering, 10 second time limit) 


Maximum Power Dissipation (Notes 2 and 3) 
Total Dissipation at 25°C Case Temperature 
at 25°C Ambient Temperature 


Maximum Voltages and Current 


Veso Collector to Base Voltage 

Veco Collector to Emitter Voltage (Note 4) 
Veo Emitter to Base Voltage 

Ie Collector Current 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL CHARACTERISTICS 


DC Current Gain 

DC Current Gain 

DC Pulse Current Gain (Note 5) 
DC Pulse Current Gain (Note 5) 
Collector Saturation Voltage 


Pulsed Collector Saturation Voltage (Note 5) 
Pulsed Collector Saturation Voltage (Note 5) 


Pulsed Base Saturation Voliage (Note 5) 
Pulsed Base Saturation Voltage (Note 5) 
Turn On Time (Note 6) 
Turn Off Time (Note 6) 


Voc (Sat) 
Vp: (sat) 


High Frequency Current Gain (f = 100 MHz) 


Additional Electrical Characteristics on page 2 


NOTES: 


—55°C to +125°C 
+125°C Maximum 
+260°C Maximum 


0.5 Watt 
0.2 Watt 


—20 Volts 
—20 Volts 
—5.0 Volts 

100 mA 


(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 


(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 
(3) These ratings give a maximum junction temperature of 125°C and junction to case thermal resistance of 200°C/Watt (derating factor of 5.0 mW/°C); junction to ambient thermal 


resistance of 500°C/Watt (derating factor of 2.0 mW/°C). 


ae 
PNP HIGH-SPEED SWITCH AND RF-AMPCIFIER 


DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTOR 


PHYSICAL DIMENSIONS 
in accordance with JEDEC (T0-106) outimine 


Faas No.2 


Collector 
Lead No.3 


Emitter 
Lead No. I 


NOTES: alt dimensions in inches 
All leads electrically esolated from case 
Package wesght ts 0.3) gram Package 
is electrically non-conductive material 


TEST CONDITIONS 


Veg = —10V 
Veg = —10V 
Veg = —1.0V 
Vop= —10V 
I, = 0.1 mA 
lp = 1.0mA 


I, = 5.0 mA 

I, = 1.0 mA 

1, = 5.0 mA 
tas = 5.0 mA 
Ig, ~ 5.0 mA 
re ~—5.0 mA 
Vog = —20V 


\52 


*Planar Is a patented Fairchild process. 


(4) Rating refers to a high-current point where collector to emitter voltage is lowest. For more information send for Fairchild Publication APP-4/2. 


(5) Pulse Conditions: length = 300 ys; duty cycle = 1%. 
(6) See switching circuit for exact values of Ic, lar, and Is2. 
¥ 
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FAIRCHILD TRANSISTOR 2N5138 


NOTES: 


(1) These ratings are limiting*values above which the serviceability of any. individual semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low-duty cycle operations. 

(3) These ratings give a maximum junction temperature of 125°C and juntlion to case thermal resistance of 200°C/Watt (derating factor of 5.0 mW/°C); junction to ambient therm 
resistance of 500°C/Watt (derating factor of 2.0 mW/°C). 

(4) This cating refers to a high-current point where collector to emitter vollage is lowest. 

(5) Pulse Conditions: length — 300 ys; duty cycle = 1%. 

(6) Rs = 10 kQ, Power Bandwidth of 150 Hz. 

(7) Rs = 10 k2, Power Bandwidth of 15.7 kHz with 3.0 dB points at 10 Hz and 10 kHz. 

(8) Rs = 1.0 kQ, Power Bandwidth of 150 Hz. 
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BOX 20912. PHOENIMN, ARIZONA ‘'ES0SG6 


PNP SILICON ANNULAR* 


AMPLIFIER TRANSISTORS 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 


e High Collector-Emitter Breakdown Voltage — 
BVCEO = 60 Vdc (Min) @ Ic = 1.0 mAdc — MPS-U55 
80 Vdc (Min) @ Ic =.1.0 mAdc — MPS-U56 


| © High Power Dissipation — Pp = 5.0 W @ Tc = 25°C 
® Complements to MPS-UO05 and MPS-U06 


ar. NEW ADDRESS & PHONE. 


HAMILTON ELECTRO SALES 
1400 West 46th Ave./DENVER, COLORADO 80216 


PHONE: (303) 433-8551/TWX: 910-931-0580 
 ) EFFECTIVE APRIL Ist, 1969 


MAXIMUM RATINGS 


MPS-U55 | MPS-U56 Unit 


Symbol 


VcCEO | 


Emitter-Base Voltage VeB 


Total Device Dissipation @ Tp = 25°C Watt 
Derate above 25°C mW/°C 


Total Device Dissipation @ Tc = 25°C Pp Fi Watt 
Derate above 25°C 45.4 mWw/°C 

Operating and Storage Junction Ty. Tstg ~55 to +135 % 
Temperature Range 

THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 65C 


Therma! Resistance, Junction to Ambient 8jA 


Collector-E mitter ‘Voltage 


Collector-Base Voltage 


on 
°o 


oe 


“Annutae Te miconductors Patented by Motorola Inc. 


PNP SILICON ANNULAR* 
AMPLIFIER TRANSISTORS 


MAY 1969 ~ DS 5327 


L_ 9.360 
0.375 


0.015 (NOM) - Dial oie (NOM) 
0.200 (NOMA) 


Collector connected 
1o tab 


CASE 152 


MIGAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


ELE ww 
{ 


MPS-U05 
MPS-U06 


Emitter-Base Breakdown Voltage 


(ig = 100 pAde, I¢ = 0) 


Collector Cutoff Current 
(Vcg = 40 Vac, te = 0). 
(Vcg = 60 Vdc, be = 0) 


MPS-U05 
MPS-U06 


ON CHARACTERISTICS 


OC Current Gain 
(Ic = 50 mAdc, Vc_e = 5.0 Vdc) 
(Wc = 250 mAdc, Vcg = 1.0 Vde} 
(I¢ = 250 mAdc, Vceg = 5.0 Vde) 
(I¢ = 500 mAdc, Vceg = 5.0 Vde) 


Collector-Emitter Saturation Voltage 
{Ic = 250 mAdc, lg = 10 mAdc) 
| (Ic = 250 mAdc, Ig = 25 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 250 mAdc, Ig = 25 mAdc) 


' Base-Emitter On Voltage 
(Ic = 250 mAdc, Veg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain—Bandwidth Product 
(Ic = 250 mAdc, Vcg = 5.0 Vde, f = 100 MHz) 


Output Capacitance 
10 Vde, Ig = 0, f = 100 kHz) 


(VcB = 


Input Capacitance 
(Vge = 0.5 Vdc, Ic = 0, f = 100 kHz) 


FIGURE 1 — TYPICAL DC CURRENT GAIN 


Ta= 25°C | 


= 
< 
o 
- 
=z 
ae 
« 
is 
> 
o 
vo 
o 
wo 
= 
1.0 20 30 5.0 7.0 10 LL 30 $0 70 100 200 300 500 
tg, COLLECTOR CURRENT (mA) 
FIGURE 3 — DC SAFE OPERATING AR =A - 
2.0 n 
1 eal 
rd == Sas 
a.“ tH 
= 03 HF 
= 
= 02 co 
> 
v. 
Cc 
e 
o 
2 
— 
o 
é 
s 


Vee. COLLECTOR. EFITTER VOLTAGE (VOLTS) 


FIGURE 2 — “SATURATION” AND “ON” VOLTAGES 


V, VOLTAGE (VOLTS) 


200 300 500 


50 70 100 
. Ic, COLLECTOR CURRENT (mA) 


1.0 2.0 30 50 7.0 10 20 «30 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate |¢ — Vcg limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on T j(pk) = 135°C; T¢ is variable 
Gepending cn conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to vatues less 
than the limitations imposed by secondary breakdown 
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BOX 20912, PHOENIX, ARIZONA 85036 


NPN SILICON 


D * 
VN St CON ANNULAR AMPLIFIER TRANSISTORS 


AMPLIFIER TRANSISTORS 
MAY 1969 — DS 5326 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 


© High Collector-Emitter Breakdown Voltage — 
BVCEQ = 60 Vdc (Min) @ I¢ = 1.0 mAdc — MPS-U05 
80 Vdc (Min) @ ic = 1.0 mAdc — MPS-U06 
© High Power Dissipation — Pp = 5.0 W @ Tc = 259 
© Complements to MPS-U55 and MPS-U56 


NEW ADDRESS & PHONE 
HAMILTON ELECTRO SALES | 
1400 West 46th Ave./DENVER, COLORADO 80216 
PHONE: (303) 433-8551/TWX: 910-931-0580 


EFFECTIVE APRIL Ist, 1969 
aviv RATINGS 
{| | —SsRating 


Collector-E mitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 


| Collector Current — Continuous 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ To = 25°C Pp 
Derate above 25°C 


Operating and Storage Junction Ty Tstg 
Temperature R ange 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


0.200 (NOM) 


none OW) “FF FL 9.200 «nota 


€: Collector connected 
f - to tab 


CASE 152 


Annular Semiconductors Patented by Motorola tnc. es 


a ee er 


ELECTRICAL CHARACTERISTICS (continued) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance 

(V.. = 15 Vdc, V... =0, f = 1.0 kHz) 2N5484 
D8 = 2N5485 
2N5486 


Forward Transconductance 


(Wpyg = 15 Vde, Vig = 0, f = 100 MHz) 2N54B4 
(V... = 15 Vdc, V_. = 0, f = 400 MHz) 2N5485 
BS 6 tes 2N5486 


Output Admittance 
(Vins = 15 Vde, V 0, f = 1.0 kHz) 2N5484 
2N5485 


2N5486 


Gs~ 


Output Conductance . 
2 = = q 
(Vn = 15 Vde, Vos = 0, f = 100 MHz) 2N5484 


400 MHz) 2N5485, 2N5486 


=0,f 


ns =15 Vdc, Vos 


Input Conductance 
Vng = 15 Vdc, V... =0, f = 100 MHz) 2N5484 


Vig = 15 Vdc, Vee =0, f = 400 MHz) 2N5485, 2N5486 


Wy 58 Vee, | fw [fe | so] | 
Wpg = 15 Vde, Veg = 0, f = 1.0 MHz) \ 

Reverse Transfer Capacitance c pF 
Em =f pel 

5 =18Vee,V | cl Paid | 
(Vg = 15 Vdc, Vag = 0, f = 1.0 MHz) 


Common-Source Noise Figure 
Wos = 15 Vdc, Vos =0, Rg 


GS 


= 1.0 Megohm, f =1.0kHz) All Types 


(Vg = 15 Vdc, 1, = 1.0 mAdc, R, = 1.0 k ohm, 2N5484 
f = 100 MHz) 

(Vpg = 15 Vac, 1) = 1.0 mAde, Ry =1.0k ohm, 2N5484 
f = 200 MHz) 

Wpg = 15 Vde, 1) = 4.0 mAdc, R, = 1.0k ohm, 2N5485, 2N5486 
f = 100 MHz) : 

(Vpg = 15 Vde, 1, = 4.0 mAdc, Ry =1.0k ohm, 2N5485, 2N5486 


{ = 400 MHz) 
Insertion Power Gain 


(Vijg = 15 Vdc, 1, = 1.0 mAdc, f = 100 MHz) 2N54B4 

(Vyyg = 15 Vde, 1, = 1.0 mAde, f = 200 MHz) 2N5484 

(Vig = 15 Vde, 1, = 4.0 mAde, f = 100 MHz) 2N5485, 2N5486 
ps = 15 Vde, 3, = 4.0 mAde, f = 400 MHz) 2N5485, 2N5486 


 NEUTRALIZING |_| . Reference VALUE 
can ty tc Designation | Too Miz [ 700 Fa] 
' : Ci 1-12 pF 0.8-8.0 pF 
INPUT cy TO 502 cy 1000 pF 27 pF 
p Hon c 3-12 pF 0. 8-8. 0 pF 
TO 500 
- .8-8.0 
source ! L,¢ sci C; 1-12 pF 0.8-8.0 pF 
{ | ua ic : cy 1-12 pF 0. 8-8.0 pF 
:. = és 3 The noise source is a hot maar body Ce 0.0015 uF 0.00] uF 
ag Sa TT.) aoe (AIL type 70 or equivalent) witha 
test receiver (AIL type 136 or cy 0.0015 uF 0.001 uF 
equivalent), Ly 3.0 pH? 0.2 pHs? 
L 0.25 He 0.03 pHe* 
ree “as i - 0.14 yH® 0.022 pHe® 
a 
Vos < 0 VOLTS 


°*L 17 turns (approximately - depending upon circuit layout), 
AWG #28 enamejed copper wire, close wound on 9/32" 
ceramic coilform. Tuning provided by a powdered 
iron slug. 


6 turns (approximately - depending upon circult layout), 
AWG #24 enaineled copper wire, close wound on 7/32" 
ceramic coil form. Tuning provided by an aluminum 
slug. 


- L 


lL, 41/2 turns, AWG #18 enameled copper wire, 5/16" tong, 
3/8" 1. D. (AIR CORE). Ls 


3.1/2 turns, AWG #18 enameled copper wire, 1/4" tong, 
3/B8°1. D. (AIR CORE). 


Tturn, AWG £16 enanieled copper wire, 3. 8° 1. D. (AIR CORE). 


Je 


1/2 turn, AWG @16 enameled copper wire, 1,41. D. {AIR CORE). 
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FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP30, TIP 
¢ 30 W at 25°C Case Temperature 
© 1A Rated Collector Current 
e¢ Min f7 of 3 MHz at 10 V, 200 mA 


mechanical! data 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING 


THIS PORTION OF LEADS 
FREE OF FLASH | j | 


Bast—_— ———— 
COLLECTOR = ————— 
EMITTER — =—————— 


MECHANICAL INTERCHANGE ABILITY OF TiP2s 
PLASTIC PACKAGE WITH 10-66 OUTLINE 


CASE TEMPERATURE 
0030 MIN / MEASUREMENT POINT 


PLACES) 
ee 0161, 
— vine \ os 151 


RAD Ps oy) ACES! 
(10.66 DIMENSIONS) 


ALL DIMENSIONS ARE IW INCHES 


30A, TIP30B, TIP30C 


TAB 


Dae maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage ‘ 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage . 2... ee ee 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current : 7 

Safe Operating Region at (or Below) 25° C Case Temperature 

Continuous Device Dissipation at (or below) 25°C Case 
Temperature (See Note 3) ‘ 

Continuous Device Dissipation at (or below) 25° C Pred: Air 
Temperature (See Note 4) ‘ 

Unclamped Inductive Load Energy (See Note 5) 

Operating Collector Junction Temperature Range aa 

Storage Temperature Range oe 

Lead Temperature 1/8 Inch from Case for 10 Seconds 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for ty © 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 150°C case temperature at the rate of 0.24 W/C, 
4 

5 


. Derate linearly to 150°C free-air temperature at the rate of 16 mW/C. 


. This rating is based on the capability of the transistor to Operate safely in the circuit of Figure 2. L = 20 mH, Respi= 


Vep2 = OV, Rg = 0.1 2, Vee = 10 V. Energy © I¢2L/2. 


TIP29. TIP29A TIP29B TIP29C 


40 V 60 V 80V 100 V 
40V 60 V 80 V 100 V 
.—\_—__—__ 5V ——_—__—__> 
<_———— 1A — > 


Ia. ——— 3A ———__ > 
<—_!|_—_—— 0.4 A ———_—___»> 
<t___——- See Figure 5 -—-————_&> 


<—._——— 30 W —_______»> 


<It—§_—_—_——_ 2 WwW ——___—_—__»> 
<2 32 mJ ———_—_—__»> 
<I——— _ -65°C to 150°C ————__» 
<t—— -65°C to 150°C ——___» 
<—_——— 260°C ————_—___m» 
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FOR POVER-ANMPLIFIER AND HAIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP29, TIP2Z9A 


© 30 Watts ct 25°C Case Temperature 
e 1 A Rated Collector Current 
o Min f, of 3 MHz at 10 V, 200 mA 
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mechanical data 


THE COLLECTOR !S IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


OAECHANIC AL INTERCHANGEABILITY OF TIPO 
PLASTIC PACKAGE WITH 10-48 OUTLINE 


{ 
0.120 $0 IN. MIN METAL 
ARIA FOR CONTACT 
WITH HEAT SINK 


ALL DIMENSIONS ARL IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP30 TIP3OA 
ta eee ee a te SOV OV 
ee 6 ew ew ew ele H40V «-60V 

ee eee ee kn ee HY > 
eo a Sete aA. > 
Continuous Base Current. . «1 . 2. cee ee ee ee 4 A> 
Safe Operating Region at (or below) 25°C Case steaparsiurs - 6 e we we we ~~) See Figure 2 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) . . <— 30 W —» 


Collector-Base Voltage . . . ae. fo. My “es ws | 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) . <— 2W — > | | 
|| 


Collector-Emitter Voltage (See Note 1). . . 


Emitter-Base Voltage . .'. . . . . . 


Continuous Collector Current . . . . 1 


Operating Collector Junction Temperature Range. . . . . - . «ew ee « 65°C to 150°C 
Storage Temperature Range. . . . 1 we ee ew ee ee we ww we. -G5°E to 150°C 


' 


Lead Temperature Y% Inch from Case for 10 Seconds. . . . 2. 2 ee ee - <— 260°C —» 


NOTES: 1. These volues apply when the base-emitler diode is open-citcuiled. 
2. Derote linearly to 150°C cose femperature at the rote of 0.24 W/deg. 
3. Devote Fineorly te 150°C free-air temperature ot the tate of 16 mW /deg. 
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“Pyptenn, CHARACTERISTICS 


@: STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


; = -4V 
180 = 25°C 


160 


@ 
o 


& 


bh 
oO 


hee — Static Forward Current Transfer Ratio 
8 


-0.01 -0.02 -0.04 -0.1 -0.2 -0.4 -1 
Ic — Collector Current — A 


FIGURE 3 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 


vs vs 
eo: COLLECTOR CURRENT COLLECTOR CURRENT 


oe Et ae REE 
a ot TH 
_ Ht Tt 


Vee = -4V 
Te = 25°C 


See Notes 4 ond 5 
al enttl 


25°C 
-0.)8 |- See Notes 4 and 5 


\ 


-0.4 


Vat — Bose-Emitter Voltage — V 


2 
8 


Vee (sar) — Collector-Emitter Saturation Voltage — V 
S 
<) 


-0,01 -0.02 -0:04 -0.07-0.1 -0.2 -0.4 -0.7 -1 -0.01 -0.02 -0.04 -0.1 -0.2 -0.4 -0.7 -1 
Ic — Collector Current — A fc — Collector Current — A 
t 


FIGURE 4 FIGURE 5 


NOTES: 4. These pcerometers must be measured using pulse techniques. tp < 300 ps, duty cycle < 2%. 
Pulse width must be such tho! holving or doubling does net couse o chonge greoter Shon the requised accuracy of the measurement. 
5. These posometers ore measured with volfoge-sensing contocts separate from the cussent-cortying contects. 


; PRINTED IW USA. 
TI! cannot assume ony responsibility Sor ony circuits shown 
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PaueP SICGLE-DIFFUSED SILICON POWER TRANSISTORS 


IVR A TCR 
meonnM a8 uGoa 


ba al a8 alee tend toes ANA eeaAst nn oe 
hades cose hee vaisd sate =o Spcltan a 


4 
. 


2 OUTPUT 


TEST CIRCUIT 


aa INPUT 
! a 
-37.3V—--| 


+ ton a - eioptais be 


90% — | 
| OuTPuT 
ae 10% —e__ 


VOLTAGE WAVEFORMS 
FIGURE 1 


NOTES: a. The input waveform is supplied by a genercior with the following chotacteristics: t. < 15 ns, ty < 15 ns, Z ot — 09, t, = 10 ps, duty cycle < 2%. 
b. Woveforms ore monitored on an oscilloscope with the following characteristics: 1, < 15 ns, Ri, > 10 MO, G. <11.5 pF. 
€. Resistors must be noninductive types. 


d. The d-c power supplies may require additional bypassing in order 10 minimize ringing. 


a a 


MAXIMUM SAFE OPERATING REGION 


-1 
< 
! 
= ~0.7 
s 
5 
U 
5 
3 70.4 
B 
3 
U 
I MAX Vegg TIP 30 
~ -0.2 —1 ; 
MAX Veeo TIP30A 
-0.1 
-10 
Vee — Collector-Emitter Voltoge — V 


‘ FIGURE 2 
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electrical characteristics at 25°C case temperature 


59220, VIPSOA 


ee 
SINGLE-DIFFUSED SILICON POWER TRANSISTOR 


t 
rc 


PARAMETER TEST CONDITIONS IN MAX IMIN MAX 
Visryceo Collector-Emitter Breakdown Voltage] Ic = —30 mA, I, = 0, See Note 4 —40 —60 | 
Iceo Collector Cutoff Current Vee = -30V, Ip = 0 3 | mA | 


Ver = 40, Ver =0 ar 
Ices Collector Cutoff Current oo — 
ver = -80V, Ve = 0 - 


a 


Static Forward Current 40 200 40 200 
Vee = -4AV, Ic = -1A, See Notes 4 ond § 


Ne __ Transfer Rati es 
Vor Bose-Emitter Voltage Voce = 4V,” te =—1A, See Notes 4 ond 5 -3{/ —-13/ Vv | 
Veejsa Collector-Emitter Saturation Voltage | tp = —125 mA,lc =—1A, See Noles4ond) 07 | —o7| V | 


Small-Signal Common-Emitter = = 

Ne Forward Current Transfer Ratio | Yoe = —10V, le =—O.2A, f= 1 kde fm fo | 
Small-Signal Common-Emitter _ = = 

Jn Forward Current Transfer Ratio Vee = IOV, te = 0.2 A, f = 1 Miz Le oe 1 


b 


Vee = -4V, Ie = 0.2 A, See Notes 4 and 5| 


NOTES: 4. These porometers must be measured using pulse techniques. Ls < 300 Bs, duly cycle < 2%. 


Pulse width must be such that halving or doubling does no! couse a change greater than the required accuracy of the measurement. 
5. These porometers are meosured with vollage-sensing conlacts Separate from the current-carrying contacts. 


thermal characteristics 


switching characteristics at 25°C case temperature 


TEST CONDITIONS? 
le = —200 mA, Tay = —20 mA, Vaya) = 20 mA, 
Veciorn = 3.4, Ri = 1500, See Figure 1 


PARANIETER 
tie Turn-On Time 
fort Turn-Off Time 


TVoltoge ond current volves shown are nominal; exoct values vory slightly with transistor parameters. 
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P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTOR 


- ee te ee = ome eee to ee gee ere ree 


PARAMSTEN iaRASwNERASe a) INPORS POR 


oS OUTPUT 


150 Q 


TEST CIRCUIT 


+0.1V 
‘“ 10% INPUT 
: 1 90% 
-37.3V—-—-j{ : 


| ee Fa 
> fon ke TL ae 
| OUTPUT 
10% — 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: . The input waveform is supplied by o generator with the following characteristics: t, < 15 ms, ty < Was, Za4 = 502, tp = 10 ps, duty cycle <M. 
b. Waveforms ore monitored on an oscilloscope with the following characteristics: $, < 15 ns, Rj, = 10 MM, C, < 11.5 pF. 
c. Resistors must be noninductive types. 


d. The d-c power supplies moy require additional bypassing in order to minimize ringing. 


MAXIMUM SAFE OPERATING REGION 


“2 


-1 
2 
: Peet Se 
= -0.7 
S 
5 D-C OPERATION 
U 
5 : 
2 
o 
U 
! MAX Vego, TIP30 
uv 
; 
-0.1 
-10 
Voce — Collector-Emitter Voltoge — V 
FIGURE 2 
7 
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TYPES TIP33; TIP33A, TIP33B, TIP33C 


N-P-fd SINGLE- DIFFUSED MESA SILICON POWER TRANSISTORS 


@ 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP34, TIP34A, TIP34B, TIP34C 


e 80 Wat 25°C Case Temperature 
e 10 A Rated Collector Current 
e Min fz of 3 MHz at 10 V,500 mA 


mechanical data © 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


DEEdIL "GEEdIL ‘VEEdIL EEdIL SAdAL 


MTOMAMICAL INTERCHANGEABILITY OF THPXI 
PLASTIC PACKAGE WITH TO-2 OUTLINE 


e570 
THIS PORTION OF LE ee Ma 


FREE OF FL ase eons 


896L ANP 'LS60L89 S-10 ‘ON NIL3I1NG S39VI1d3y 
O26 HASINSIIC ‘POPLLOZS-10 ‘ON NILIZTING 


CASE Thwrt Ra TURE 
TASURLM ENT POUT 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP33 TIP33A TIP33B  TIP33C 
Collector-Base Voltage : 2 % 40 V 60 V 80 V 100 V 
Collector-Emitter Voltage (See Note 1) or ei es 40V 60 V 80 V 100 V 


Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 
Continuous Base Current_, . 


Safe Operating Region at (or bala 25° c Ga: Temperature 
Continuous Device Dissipation at (or below) 25°C Case 


<q -—.-— 5 ¥ —__ > 
<_——10 A ——————__> 
<¢t-—_—_—_—\_15 A —______> 
<.—§_ ——— 3A — 
<zt——_——- See Figure 5 -—____> 


Temperature (See Note 3) é <= 80W ——__ 
, Continuous Device Dissipation at (or Helen) 25° c Free- Air 
Temperature (See Note 4) < 3.5 W ——____& 


Unclamped Inductive Load Energy (See Note 5) 
Operating Collector Junction Temperature Range 


Storage Temperature Range 


Lead Temperature 1/8 Inch from ase for 10 Seconds 


“NOTES: 


. This value applies when the base-emitter diode is open-circuited. 


. This value applies for ty, < 0.3 ms, duty cycle < 10%. 


. Derate linearly to 150°C free-air temperature at the rate of 28 mw/°c. 


- This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, Rgpi = 100 Q. 
Vesp2= OV, Rs = 0.1 2, Veoc= 10 V. Energy = 


70 


1 

2 

3. Derate linearly to 150°C case temperature at the rate of 0.64 w/c. 
4 

5 


1¢2L/2. 
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<a<—_————- 62.5 mJ ————__> 
<a—— —65°C to 150°C ———_m» 
—= = =65°C to 150°C oe 
<______— 260°C ———____»> 


TEXAS INSTRUMENTS 


TYPES TIP33, TIP33A, TIP33B, TIP33C , 
N-P-M SINGLE-DIFFUSED MMESA SILICON POWER TRANSISTORS 


€ electrical characteristics at 25°C case temperature 6 


Collector-E mitter I¢ = 30 mA, !g = 0, 
V{BR)CEO Breakdown Voltage See Note 6 


= 
z 
+ 


— Collector Cutoff 0.7 


3 


Collector Cutoff 


ICES mA 


fon) 
wd 
© 
= x 


9° 
~ 


Vce = 80V Vee =0 


Vep=5V., 


Current 


Emitter Cutoff 


l 
EBO Current 


Voce =4V, 
See Notes 6 and 7 
Vce =4V, IC =3A, 
See Notes 6 and 7 
Vce=4V, 
See Notes 6 and 7 
Vce =4V, 
See Notes 6 and 7 

ip =O.3A, IC =3A, 
See Notes 6 and 7 
Ip=2.5A, 
See Notes 6 and 7 


Static Forward 
hrE Current Transfer 
Ratio 


3 


NO 
oO 
= 
o 
i=) 
N 
oO 


= 
a 


Base-Emitter 


Voltage 


Collector-Emitter 


20 100 20 100 100 
{ 1.6 1.6 d 
3 
1 
4 


VCE (sat) 


Saturation Voltage 


| |. 
|i. 
< 


Small-Signal 


Common-E mitter VcE =10V, Ic =0.5A, 


f=1kHz 


Forward Current 
Transfer Ratio 


Smatl-Signa! 


Common-Emitter VceE = 10V, Ic = 0.5A, 


f= 1MHz 


Pte| 


Forward Current 


NO 
Mi 
No 
| 
NO 
i 
N 
oO 
Loft . 


Transfer Ratio 


Oy 
W 


NOTES: 6. These parameters must be measured using pulse techniques. tw = 300 us, duty cycle < 2%. 
7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts, 


thermal characteristics 


PARAMETER 
Rejc  Junction-to-Case Thermal Resistance 


Reja _- Junction-to-Free-Air Thermal Resistance 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONSt 


toff Turn-Off Time VBE(off)=—-4V. RL=5Q, See Figure 1 


TVoltage and current values shown are nominal, exact values vary slightly with transistor parameters. 
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TYPES TIP33, TIP33A, TIP33B, TIP33C 
R-P-N SINGLE-DIFFUSED RiESA SILICON POWER TRANSISTORS 
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PARAMETER MEASUREMENT INFORMATION 


INPUT 
MONITOR 


OUTPUT 
MONITOR ” 


Regi 108 (- 


2N5385 Von* 4V—- — {$ 90% 
1N914-1N914_—s-41NQ14 
INPUT 
ov—-— Seis oe a 
“ -4V 10% 1 
Rgg2* 102 Ay Shh ! 
r —~{ ton le | 
' 
10% # 
Va OUTPUT \ 
Vep2*4V 90° — 
4/4 


Veer * 16V 4 


ADJUST FOR |- 
Von* 14 VAT 
INPUT MONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a Vgen is a —30-V pulse (from O V) into a 50-2 termination. 


The Vgen waveform is supplied by a generator with the following characteristics: t; < 15 ns, ty < 15 ns, Zoyz = 50 2, ty = 20 ys, 


A 
B. 


duty cycle < 2%. 

Waveforms are monitored on an oscilloscope with the following characteristics: tp < 15 ns, Rin 2 10 MQ, Ci, < 11.5 pF. 
Resistors must be noninductive types. 

. The d-c power supplies may require additional bypassing in order to minimize ringing. 


mon 


‘e 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 


tw = Sms 


~< He isco Note 8) 


° 
INPUT 
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TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. L1 and L2 are 10 mH, 0.11 2, Chicago Standard Transformer Corporation C-2688, or equivalent. 
B. Input pulse width is increased until [cy = 2.5 A. 
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TYPES TIP33, TIP33A, TIP33B, TIP33C 


N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 
COLLECTOR CURRENT 
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FIGURE 3 
These parameters must be measured using pulse 
techniques. ty = 300 us, duty cycle < 2%. 
. These parameters are measured with voltage- 
sensing contacts separate from the current- 
carrying contacts, 


NOTES: 6. 


THERMAL INFORMATION 
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VceE—Collector-Emitter Voltage—V 


FIGURE 5 


NOTE 8: This combination of maximum voltage and current may be achieved onl 
inductive load. 
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MAXIMUM SAFE OPERATING REGION 


KEY FOR FIGURE 5 


CURVE CONDITIONS 


A | ty = 300 us, d= 0.1 = 10% 
B tw = 1 ms, d= 0.1 = 10% 
Cc tw = 10 ms, d = 0.1 = 10% 
D D-C OPERATION 


y when switching from saturation to cutoff with a clamped C) 
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TEXAS INSTRUMOHI® RECEPUS® THE DICUT TA atewr eneurer 


P-N-P SINGLE-DIFFUSED MESA 


IYPES 


ta 


AA, TIP34B, TIP34 


LICON POWER TRANSISTOR 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP33, TIP33A, TIP33B, TIP33C 


© 80 Wat 25°C Case Temperature 
e 10 A Rated Collector Current 
e Min fT of 3 MHz at 10 V,500 mA 


mechanical data 


THE COLLECTOR !S IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


MECHANICAL INTERCHANGE ABULITY OF TeP3e 
PLASTIC PACKAGE WITH TO-3 OUTLINE 


cane TemreRaTURE 


eae ASUALMENT FOOT 
£6) oan 
cin 
Tm ry 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 5 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 
Continuous Base Current 


Safe Operating Region at (or BelEid) 25° C Case Temperature 
Continuous Device Dissipation at (or below) 25°C Case : 


Temperature (See Note 3) 


Continuous Device Dissipation at (or below) 25° C Free- Air 


Temperature (See Note 4) 


Unclamped Inductive Load Energy (See Note 5) 
Operating Collector Junction Temperature Range 


Storage Temperature Range 


Lead Temperature 1/8 Inch from Cues iis: 10 Baconne 


NOTES: 


WaWN = 


This value applies when the base-emitter diode is open-circuited. 

This value applies for tw = 0.3 ms, duty cycle < 10%. 

. Derate linearly 10 150°C case temperature at the rate of 0.64 W/°C. 

. Derate Jinearly to 150°C free-air temperature at the rate of 28 mW/C. 
. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, Reg, = 1002, 


VeB2 = OV, Rg = 0.1 2, Vege = 10 V. Energy © 1/2 Ic2L/2. 
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TIP34 TIP34A TIP34B  TIP34C 
-40V -60V -80V -100V 
-40V -60V -80V ~100V 
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TYPES TIP34, TIP34A, TIP34B, TIP34C 
P-f-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 
Collector-E mitter Ic = —30 mA, Ig =0, 
See Note 6 


TIP34C 


UNIT 


ME 


Vv 
(BRICEO Breakdown Voltage 


— Collector Cutoff —0.7 
Current 
Vce =—40V, Vee =9 
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Collector Cutoff 
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Emitter Cutoff 
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Static Forward 
See Notes 6 and 7 


Vce =—-4V. Ic =—-3A, 
See Notes 6 and 7 

Vce =—-4 Vv, Ic =—-3A, 
See Notes 6 and 7 : 


VCE =—4V\V, tc -—10A, 
See Notes 6 and 7 

Ig = —0.3 A, Ic =-3A, 
See Notes 6 and7 
Ig =-2.5A, Ic =-10A, 
See Notes 6 and 7 
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Small-Signal 


Common-E mitter Vce =—-10V. Ic = —0.5 A, 


#=1kHz 


h 
te Forward Current 


Transfer Ratio 


Small-Signal 


Vce =—10V, Ic =—0.5A, 
f=1 MHz 


Common-Emitter 


hrel 


Forward Current 
Transfer Ratio 


NOTES: 6. These parameters must be measured using pulse techniques. ty = 300 ps, duty cycle < 2%. 
7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal! characteristics 


PARAMETER UNIT 
Rejc —_ Junction-to-Case Thermal Resistance 1.56 | ecw 


RejA_ Junction-to-Free-Air Thermal Resistance 


TEST CONDITIONST 


Ic =-6A, Ip(q)=-0.6 A, Ip(2) = 0.6 A, 
VBEloff) = 4. RL =52, See Figure 1 


tyvoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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poner SHVGLE-UIFFUSED RiESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 
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Reg?" 100 ‘ 


INPUT 1\ 
RL«5a Von™ -14V— ~] 90% 
— 1 c 
Vea2* 4V— 90% = 
P le OuTPUT 
= Voc" 30V 10% 


Vep1 = 16V 
ADJUST FOR 
Von=-14 vat Lt 
INPUT MONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. Vgen is a 30-V pulse (from 0 V) into a 50-2 termination, 
B. The Vgen waveform is supplied by a generator with the following characteristics: ty < 15 ns, t¢< 15 ns, Zour = 502, tw = 20 us, 


q duty cycle < 2%, 
} C. Waveforms are Monitored on an Oscilloscope with the following characteristics: tp < 15 ns, Rin 2 10 MQ, Cin < 11.5 pF. 
D. Resistors must be noninductive types. 
E. The d-c power supplies may require additional bypassing in order to minimize ringing, 
FIGURE 1 


INDUCTIVE LOAD SWITCHING 
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TESTCIRCUIT | VOLTAGE AND CURRENT WAVEFORMS 


B. Input pulse width is increased until lom = -2.5 A. 
FIGURE 2 
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IYVEDS tIVS4, IIPSSA, IIPS4B, LIPS4U 


P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 
COLLECTOR CURRENT 
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!c—Collector Current—A 


FIGURE 3 
NOTES: 6. These parameters must be measured using pulse 
techniques. ty, = 300 us, duty cycle < 2%. 
7. These parameters are measured with voltage- 
sensing contacts separate from the current- 
carrying contacts. 
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Vce—Collector-E mitter Voltage—V 


FIGURE 5 


inductive load. 
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P-+>—Maximum Continuous Device Dissipation—W 


OTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 


THERMAL INFORMATION 
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DISSIPATION DERATING CURVE 


Tc—Case Temperature—C 
FIGURE 4 


MAXIMUM SAFE OPERATING REGION 


KEY FOR FIGURE 5 


ty = 300 us, d = 0.1=10% 
tw = 1 ms, d= 0.1 = 10% 
tw = 10 ms, d = 0.1 = 10% 
D-C OPERATION 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MSKE CHANGES AT ANY TIME 
IN ORDER 10 IMPROVE DESIGN AND 10 SUPPLY THE EESY PRODUCT POSSIBLE. 


